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PREFACE 

TtuB  book  is  something  of  an  abridgment  and  much  of  a  sim- 
plification of  the  author's  earlier  book  entitled  "Inorganic  Chemis- 
tiy."  It  is  intended  for  classes  which  have  less  time  to  devote 
to  the  subject  than  those  for  whom  the  former  book  was  pre- 
pared. In  it  the  author  has  preserved  the  general  arrangement 
Md  spirit  of  the  "Inorganic  Chemistry,"  and  has  avoided  a  long 
inoreorless  theoretical  introduction,  developing  the  subject  as 
logically  as  possible  from  the  descriptive  and  experimental  side; 
6&ch  law  and  theory  has  been  presented  at  the  point  which  seems 
t***  fitted  both  to  the  student  and  to  the  subject. 

Perhaps  the  most  marked  difference  from  the  former  book  is 
to  be  found  in  the  treatment  of  the  atomic  theory.  The  author 
leels  that  the  recent  advancements  have  justified  a  more  un- 
liuHGed  support  of  this  theory  than  was  accorded  it  in  the 
former  worki  By  introducing  an  experimental  conception  of 
^(hi  weights  before  taking  up  the  chapter  on  atomic  weights, 
the  author  feels  that  he  has  been  able  to  develop  the  conception 
of  atomic  weights  in  a  very  simple  manner  from  the  experimental 
standpoint.  The  theory  is  then  brought  in  as  an  explanation 
fw  the  facts  previously  discussed. 

In  the  preparation  of  the  present  book,  the  author  has  gladly 
avtiled  himself  of  all  the  si^gestions  which  have  come  to  him 
'"Mn  others  who  have  had  experience  with  his  former  book.  He 
feels  very  grateful  to  Dr.  Paul  V.  Faragher  for  advice  in  some 
'^cult  places,  and  especially  so  to  his  wife,  Stella  G.  Cady, 
fw  loyal  assistance  in  preparing  the  manuscript  and  reading 
the  proof. 

Hamilton  P.  Cady. 

Uvrbkcb,  Kambas, 
,  1016. 
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GENERAL  CHEMISTRY 


CHAPTER  I 
INTRODUCTION 

Chemistry  is  a  branch  of  natural  science  and  deals  principally 
^th  the  properties  of  substances,  the  changes  which  they 
Tindergo,  and  the  natural  laws  which  describe  these  changes. 

It  is  a  very  difficult  matter  to  convey  thought  from  one  person 
to  another  by  means  of  words,  and  anything  like  accuracy  can 
only  be  attained  when  the  words  have  as  nearly  as  possible  the 
same  meaning  to  each.  For  this  reason  it  is  necessary  to  discuss 
at  some  length  the  significance,  in  connection  with  chemistry,  of 
some  of  the  terms  used  in  the  opening  statement. 

Properties  of  Substances. — ^We  are  able  to  perceive  objects 
around  us.  Each  of  these  objects  is  called  a  body  and  the  signs 
by  which  it  makes  its  presence  known  to  us  are  called  the  prop- 
erties of  the  body.  When  we  find  ourselves  surrounded  by  a 
number  of  dififerent  bodies  we  instinctively  begin  to  arrange 
them  into  groups  according  to  certain  points  of  similarity  in 
their  properties.  We  may  for  example  form  a  class  of  bodies 
called  bottles  and  group  together  all  objects  having  the  general 
shape  of  bottles.  When  we  come  to  examine  the  different 
members  of  the  class,  we  find  that  they  possess  marked  dif- 
ferences in  properties,  other  than  those  of  shape  or  size.  Accord- 
ingly, we  at  once  set  up  a  number  of  sub-classes  such  as  glass 
bottles,  stoneware  bottles,  rubber  bottles,  etc.,  and  say  that  these 
differ  because  they  are  made  of  different  substances.  Substances 
then,  are  the  things  of  which  bodies  are  made.  As  examples  of 
substances  we  may  give  iron,  salt,  sugar,  lead,  etc. 

It  now  remains  to  distinguish  between  the  properties  of  bodies 
and  those  of  substances.  This  distinction  may  be  brought  out 
by  considering  what  we  do  in  forming  the  sub-class  glass  bottles. 
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In  grouping  the  glass  bottles  together,  we  pay  slight  attention 
to  the  properties  o(  shape  and  size,  but  look  to  other  charactep 
ifltics  which  we  say  are  the  properties  of  the  substance  glas. 
Every  part  of  a  glass  bottle  presents  the  properties  of  the  gut 
stance  glass,  and  to  precisely  the  same  degree  as  every  other  part; 
further,  if  the  bottle  be  broken  into  pieces,  that  body  will  cease  to 
exist  and  in  its  place  there  will  be  a  collection  of  bodies  called 
pieces  of  glass.     If  n  \  and  size,  the  properties  of 

all  these  bodies  are  i  ica!  with  those  of  the  | 

bottle  from  which  the  The  properties  of  bodies, 

then,  aside  from  those  lize  are  the  properties  of  the 

substance  from  which  e  made.     The  properties  of 

the  body,  as  euch,  are  3e-and  size.     A  given  body 

cannot  be  a  barrel  unle  ain  shape  and  is  of  a  definite 

size;  if  it  is  larger  it  is  '  smaller,  a  keg. 

Changes. — Exppriei.vt  o ^  _.  that  the  properties  of  sub- 
stances can  bf  altered  in  various  ways. 

Every  alteration  constitutes  a  change,  and  for  purposes  of 
convenience,  changes  are  arbitrarily  divided  into  two  classes, 
physical  and  chemical. 

A  physical  change  is  one  which  alters  only  a  very  few  of  the 
properties  of  a  substance.  The  moving  about  of  a  body  or  the 
heating  of  a  piece  of  iron  are  examples  of  physical  changes. 

A  chemical  change  is  one  which  alters  all  or  nearly  all  of  the 
properties  of  a  substance.  In  fact,  after  a  substance  has  under- 
gone a  chemical  change,  we  are  unable  to  recognize  the  presence 
of  the  original  substance,  and  in  its  place  we  find  one  or  more  new 
substances  with  different  properties.  The  burning  of  wood  or 
the  rusting  of  iron  are  famihar  examples  of  chemical  change. 

From  these  definitions  it  would  seem  to  be  an  easy  matter  to 
decide  whether  a  given  change  is  physical  or  chemical.  And  bo 
it  is  in  most  cases.  However,  there  are  all  gradations  in  the 
number  of  properties  altered  in  the  change,  and  in  some  TUntm 
it  becomes  really  impossible  to  decide  definitely  to  which  clam 
they  belong.  This  is  due  to  the  fact  that  there  is  no  real  dif- 
ference between  the  two  changes;  we  have  simply  arbitrari 
drawn  a  distinction  as  a  matter  of  convenience  in  our  genei^_ 
scheme  of  classification.  The  freezing  of  water  is  an  example 
of  a  change  which  it  is  difficult  to  classify.    So  many  of  the 
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operties  of  ice  are  dififerent  from  those  of  water  that  one  is 

iclined  to  call  freezing  a  chemical  change,  but  on  the  other  hand 

tie  transformation  takes  place  so  easily,  simply  upon  changing 

he  temperature,  that  probably  the  majority  of  people  consider 

it  a  physical  change. 

In  most  cases  there  is  no  difficulty.  For  example,  a  piece  of 
rubber  when  rubbed  with  woolen  acquires  the  property  of  attract- 
ing bits  of  paper,  but  is  not  otherwise  altered.  Without  question 
this  is  a  physical  change.  If  the  rubber  be  brought  in  contact 
with  a  flame,  it  will  take  fire  and  bum  with  a  smoky  flame  and 
continue  to  do  so  until  all  the  rubber  has  disappeared.  Soon 
after  the  rubber  begins  to  burn  a  very  strong  odor  will  be  noticed 
which  must  be  due  to  something  produced  from  the  rubber. 
Since  we  have  in  this  case  the  complete  disappearance  of  the 
properties  of  rubber  and  the  appearance  of  the  properties  of  a 
new  substance,  this  is  a  chemical  change. 

Natural  Laws. — Having  discussed  the  properties  of  substances 
and  the  changes  which  they  undergo,  we  may  now  turn  to  the 
natural  laws  which  describe  these  changes. 

Experience  tells  us  that  under  Uke  conditions  events  repeat 
themselves  in  a  very  large  measure,  and  that  the  more  nearly 
the  conditions  are  reproduced  the  more  closely  are  the  events 
duplicated.  So  generally  is  this  the  result  of  our  experience  that 
we  finally  become  convinced  that  if  it  were  possible  to  reproduce 
the  conditions  exactly,  the  events  would  be  exactly  duplicated« 
As  a  result  then  of  our  experience  we  are  able  to  say, 
after  repeated  trials,  just  what  takes  place  under  certain  con- 
ditions. Such  a  statement  is  a  law  of  nature.  A  law  of  nature 
differs  then  essentially  from  a  law  of  man  in  that  it  is  simply  a 
8tatement4)f  what  does  happen  and  has  in  it  no  element  of  com- 
pulsion, /^jlap  is  so  insignificant  a  part  of  nature  that  he  can- 
not presume  to  dictate  to  her  but,  can  only  observe,  and  learn 
to  make  the  condition  such  that  the  operations  of  nature  shall  be 
as  favorable  to  himself  as  possible.  A  law  of  nature  is  a  state- 
ment of  the  way  nature  works  and  should  be  so  worded  that  it 
describes  as  large  a  number  as  possible  of  single  phenomena  and 
gives  us  the  maximum  amount  of  information  concerning  each. 

As  an  illustration  of  a  law  of  nature,  we  may  select  the  law 
of  fallisg  bodies.    We  know  as  a  matter  of  common  experience 
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that  heavy  bodies  if  unsupported  fall  to  the  earth,  and  a  state-  I 
ment  to  this  effect  is  a  law  of  nature.  It  would  be  much  more  I 
useful  if  it  gave  us  the  results  of  our  experience  as  to  the  velocity  \ 
of  the  bodies  after  falling  for  given  times  and  in  addition  the  space 
passed  over  during  certain  times  of  fall.  The  law  might  then  be  I 
worded  as  follows:  V^U  heavy  bodies  fall  toward  the  earth  witt^.! 
a  velocity  whicli  is  equal  to  the  force  of  gravity  times  the  tima 
that  the  body  has  been  falling  and  the  space  passed  over  is  equal 
to  one-half  the  force  of  gravity  times  the  square  of  the  time  o0 
faflTi 

Obviously  f^o^^  what  has  been  said  the  wider  our  knowledge* 
of  the  laws  of  nature  the  better  equipped  we  are  for  life,  Thej^ 
are  all  directly  or  indirectly  the  results  of  experience  and  their^ 
formulation  is  one  of  the  most  important  works  of  science.  | 

The  Fundamental  Law  of  Cbeniistry. — We  find  upon  examining^ 
the  properties  of  liiffcrent  bodies  composed  of  the  same  subfltancee^ 
that  they  agree  exactly  in  all  their  essential  propertied,  that  ia, 
the  properties  other  than  those  of  shape  and  sife.  We  find  too- 
that  other  substances  have  radically  different  properties  and 
that  the  change  from  one  to  another  is  sudden,  leaving  gaps 
which  are  not  filled  in  by  gradual  alterations  in  the  properties. 
We  have  then  as  many  absolutely  distinct  sets  of  unvarying 
properties  as  there  are  substances. 

Bodies  may  he  arranged  in  dcasea  such  thai  the  different  members 
of  each  doss  agree  exactly  with  each  other  in  all  their  essentiai 
■properties.  The  different  members  of  each  class  are  the  bodies 
composed  of  the  same  substance.  The  law  just  given  is  known 
as  the  law  of  the  definiteness  of  properties  and  is  often  called 
the  fundamental  law  of  chemistry. 

Properties  of  a  Substance  and  the  Substance. — We  have  de- 
fined properties  as  the  signs  through  which  objects  manifest  them- 
selves to  us  and  have  spoken  of  them  as  though  they  belonged 
to  substances,  and  of  the  substances  as  though  they  in  some 
way  possessed  the  properties.  Indeed  the  original  meanings  of 
the  words  would  convey  these  ideas,  and  it  is  very  hard  to  get 
away  from  them.  However,  when  we  come  to  consider  just 
what  there  is  about  a  substance  which  ia  not  a  property  of  that 
substance  and  which  might  be  that  which  possesses  the  proper- 
ties we  are  completely  at  a  loss.    Everjrthing  that  we  know  about 
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k  nibetaDce  is  a  property  of  that  substance  and  if  by  experimen- 
tttion  we  find  out  anything  more,  that  will  also  be  a  property; 
futher  than  this  it  seems  to  be  impossible  for  us  to  conceive  of 
anytbii^  concerning  a  substance  that  is  not  a  property  of  that 
Bubttance.  One  can  be  readily  convinced  of  this  by  trying  to 
tlunk  of  anything  about  a  famiUar  substance  that  is  not  a  prop- 
crt;  of  that  substance.  A  reaUzation  of  this  fact  does  not 
nuke  our  conceptions  of  the  substance  any  the  less  definite 
because  these  properties  are  the  real  things  about  the  substance, 
which  we  can  know  and  measure.  In  fact  our  idea  of  the  sub- 
Btance  is  simply  the  sum  of  all  these  properties  which  we  know. 
For  UB  then  a  substance  is  simply  a  specific  group  of  essential 
P^fptrties  which  always  occur  together  and  to  an  UTUiaryijig  degree 
"'xtn'trwen  conditions.  This  may  be  used  as  a  working  definition 
(■f  a  substance.  If  there  is  anything  more  to  a  substance  than 
its  properties  we  can  know  nothing  of  it.  We  cannot  even 
i>u^  anything  about  it.  So  we  will  leave  the  question  of  the 
utual  existence  of  a  possessor  of  properties  to  speculative 
P^ulnophy,  and  in  matter  of  fact  chemistry  when  we  say 
"ibBtance  we  will  mean  properties. 

Every  known  substance  has  a  name  which  in  a  way  stands 
for  the  properties  of  the  substance.  These  names  can  mean  to 
Wooly  as  much  as  we  know  of  the  properties  of  the  substances. 
°oin  Btudying  chemistry  we  must  take  care  that  we  do  not  merely 
'^sni  the  names  of  the  various  substances  with  which  we  deal, 
Dot  also  that  we  make  these  names  mean  something  to  us  by 
Ittnung  the  more  important  properties  of  the  substances. 
Physical  and  Chemical  Properties. — It  is  convenient  to  divide 
properties  into  two  classes — physical  and  chemical.  A  physical 
property  is  one  which  can  be  detected  and  measured  without 
eaufling  the  substance  to  undergo  more  than  a  physical  change. 
As  examples  we  might  give  color,  density,  conductivity  for 
heat  or  electricity,  etc. 

A  chemical  property  is  one  which  ia  only  revealed  when  the 
substance  is  transformed  into  something  else  and  consequently 
undergoes  a  chemical  change.  One  of  the  properties  of  sulfur  is 
that  it  bums  with  a  pale  blue  Same,  and  finally  all  disappears, 
leaving  behind  something  which  is  invisible  but  which  has  a  very 
strong  smell.    Since  this  property  is  shown  only  when  the  sulfur 
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is  transformed  into  a  new  eubetanoe,  this  is,  therefore,  a  chemical 
property. 

Since  there  is  no  real  difference  between  physical  and  chem- 
ical changes,  there  is  none  between  the  two  Bets  of  proper- 
ties, but  nevertheless,  it  is  convenient  to  make  the  arbitrary 
distinction.  ' 

Identification  of  Si  :  chemist  is  very  often  con-  , 

fronted  with  the  probJ  as  to  whether  two  different  i 

bodies  are  composed  ot  f  different  substances.     The 

decision  rests  upon  the  a  le  question,  Do  the  bodies 

have  exactly  the  same  ess  Ttiea?     If  they  do,  they  are 

composed  of  tlie  same  f  they  do  not,  of  different 

substanceEi.     Evidently  can  only  be  answered  after 

carefully  investigating  j.     To  be  perfectly  sure,  it  , 

would  seem  to  be  necessarj  vu  npare  all  of  the  properties  t 
because  two  substances  might  agree  in  moHl  uf  their  properties 
and  yet  differ  enough  in  some  to  make  them  different  Bubstancea. 
The  labor  required  for  the  comparison  of  all  of  the  essential 
properties  is  so  great  that  it  is  never  done.  The  chemist  com- 
pares some  of  the  essential  properties,  and  if  these  agree  exactly 
he  decides  that  the  two  bodies  are  composed  of  the  same  sub- 
stance. In  doing  this  he  takes  advantage  of  a  law  which  states 
that  if  two  bodies  agree  exactly  in  some  few  of  their  essential 
properties  they  will  agree  exactly  in  all  and  are  composed  of  the 
same  substance, 

The  CharacterizatioD  of  a  Substance. — The  properties  chosen 
for  investigation  in  order  to  characterize  a  substance  vary  with 
the  caae,  but  naturally  they  are,  in  general,  those  which  can  be 
most  readily  observed  and  measured,  or  else  they  are  the  ones  in 
which  the  substance  differs  moat  from  other  substances. 

The  impressions  produced  upon  our  sense  of  sight,  taste,  and 
smell  can  be  very  easily  determined,  and  are  but  rarely  omitted. 
The  physical  state  (sohd,  liquid,  or  gaseous)  of  the  substance  st 
ordinary  temperature  and  pressure  and  the  conditions  under 
which  it  changes  from  one  state  to  another  are  easily  determined 
and  important  properties.  The  solubility  of  a  substance  in 
water  is  another  valuable  characteristic.  A  few  words  concern- 
ing some  of  these  frequently  studied  properties  would  seem  to  be 
in  order  here. 
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Physical  States. — We  diatinguish  three  difTereot  ways  in  which 
substances  fill  apace  and  call  these  the  physical  states,  giving 
them  the  names  solid,  liquid,  and  gaseous  states. 

The  Solid  State. — A  substance  is  a  solid  if  a  given  body  com- 
posed of  this  substance  has  both  a  definite  volume  and  a  definite 
shape  of  its  own  independent  of  its  surroundings. 

The  Liquid  State. — A  substance  is  a  liquid  if  a  given  body  com- 
posed of  this  substance  has  a  definite  volume  but  takes  its  shape 
from  its  Burroundings.  A  liquid  always  runs  down  to  the  tower 
part  of  the  vessel  in  which  it  is  placed  and  takes  on  the  shape  of 
the  vessel  in  so  far  as  it  can  fill  the  container.  The  free  surface 
<^  a  liquid  tends  to  be  flat  and  parallel  to  the  surface  of  the  earth 
unless  the  body  of  the  Uquid  is  small,  when  the  surface  is  rounded. 
If  the  body  of  liquid  be  very  small  and  the  surface  entirely  free, 
the  Uquid  takes  on  the  form  of  a  sphere  modified  more  or  less  by 
the  action  of  gravity. 

The  Gaseous  State. — The  gaseous  state  is  characterised  by  the 
faet  that  a  gaseous  substance  has  neither  definite  volume  nor 
shape,  but  always  fills  the  container  in  which  it  is  placed  and 
consequently  takes  its  shape  and  volume  from  the  surroundings. 

It  is  a  very  easy  matter  to  tell,  in  the  great  majority  of  cases, 
whether  a  given  substance  is  solid  or  gaseous.  There  are,  how- 
ever, a  few  substances  which  are  like  wax  in  that  they  keep  a 
fairly  definite  shape  for  some  time  and  so  give  the  impression  that 
they  are  sohds.  If  left  for  a  longer  time  they  slowly  change  their 
shape  and  Sow,  thus  showing  that  they  are  really  viscous  liquids. 
But  such  substances  are  comparatively  rare  and  give  but  Uttle 
trouble  in  classification. 

The  physical  state  of  a  substance  may  vary  with  the  conditions 
such  as  temperature,  etc.  With  rising  temperature,  solids  always 
tend  to  become  either  liquid  or  gaseous,  and  liquids  to  become 
gaseous.  With  falling  temperatures  gaseous  substances  always 
tend  to  become  either  hquids  or  solids,  and  liquids  to  become 
B<didB. 

Sohibili^  and  Solution. — Many  substances  when  brought  in 
contact  with  water  mix  with  the  latter  in  varying  proportions 
and  form  a  homogeneous  hquid  which  has  in  a  general  way  the 
[miperties  of  the  water  and  of  the  other  substance.  Such  a 
homogeneous  mixture,  i.e.,  one  in  which  every  distinguishable 
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particle  is  exactly  like  every  other  particle  in  essential  proper- 
ties, is  called  a  solution.  The  ability  of  a  Bubstance  to  form  a 
solution  is  calletl  its  solubility  and  is  an  important  property  of 
the  substance.  A  more  extended  discussion  of  solution  will  be 
given  at  a  later  point,  where  it  will  be  shown  among  other 
things  that  solutions  are  not  necessarily  liquid  but  may  be  solid 
or  gaseous  as  well. 


Mechanical  Miztu 
in  such  a  way  that  t 
the  different  parts  c 
separated.  Such  n 
Muddy  water  may  b- 
Examine  it  with  a  li 
Allow  it  to  stand  or  ] 
separated  from  the  v 
and  hence  is  not  a  solution. 


s  are  often  pi-esent  together 
a  homogeneous  mixture  but ' 
hed  and  more  or  les^  easily  ' 
lied  mechanical  mixtures. 
example  of  such  a  mixture. 
rticlee  of  silt  can  be  seen. 
a  filter  and  the  silt  ii^ay  be 
water  ie  not  homogeneous  ^ 
Solutions  stand  between  mechanical 


mixtures  and  a  very  important  class  of  substances,  with  which 
we  will  become  familiar  in  a  little  time,  known  as  chemical 
compounds. 


J 


CHAPTER  II 
UNITS 

Units. — Some  of  the  properties  of  substances,  as  for  example 
color,  can  be  ascertained  by  simple  inspection,  while  others  re- 
quire more  or  less  elaborate  experiments  to  bring  them  to  light. 
The  constant  aim  is  to  represent  these  properties  by  numbers. 
To  do  this  a  unit  must  be  decided  upon  and  the  property  carefully 
measured  in  terms  of  this  unit.  Almost  all  of  the  units  used  in 
scientific  work  are  derived  directly  or  indirectly  from  three 
fundamental  units,  the  centimeter,  the  gram,  and  the  second, 
and  the  whole  scheme  of  imits  is  called  the  C.  G.  S.  system.  The 
second  is  the  unit  of  time.  It  is  in  use  in  daily  life  and  is  familiar 
to  everyone. 

Length. — The  centimeter  is  the  unit  of  length  and  is  the 
one-hundredth  part  of  the  length  of  a  certain  bar  of  platinum 
carefully  preserved  in  Paris,  which  is  called  the  "Standard 
Meter."  This  standard  meter  was  intended  to  be  the 
Ko.ooo.OOO  of  t^6  earth's  quadrant  or  quarter  circumference, 
measured  on  the  meridian  of  Paris,  but  afterward  turned  out 
to  be  something  different  from  this  owing  to  an  error  in  the 
measurement.    An  inch  is  equal  to  a  Uttle  more  than  2.5  cm. 

Mass. — The  gram  is  the  unit  of  mass.  It  is  the  K.ooo  Part 
of  the  mass  of  a  certain  piece  of  platinum  called  the  standard 
kilogram.  It  was  intended  that  the  gram  should  be  the  mass 
of  a  cubic  centimeter  of  water  at  its  temperature  of  maximum 
density,  4^0.,  but  actually  the  mass  of  the  latter  is  0.999982 
grm.  This  differs  so  slightly  from  unity  that  the  mass  of  1  c.c. 
of  water  at  4^C.  is  usually  taken  as  exactly  1  grm. 

Weight. — A  heavy  body  is  always  pulled  toward  the  earth 
with  a  certain  force.  This  force  is  called  its  weight  and  is 
proportional  to  the  mass  of  the  body.  The  weight  of  a  given 
body  varies  with  its  position  on  thcearth,  but  an  average  is  981 
dynes  for  each  gram  of  the  body's  mass.    A  dyne  is  that  force 
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which  acting  on  1  gram  for  1  second  will  generate  a  velocity  of 
1  cm.  per  second. 

If  one  takes  as  the  unit  of  weight,  not  the  dyne,  but,  as  is 
commonly  done  the  weight  of  1  gnu.,  then  the  numerical  value 
of  the  weight  of  a  body  in  terms  of  this  unit  is  the  same  as 
the  mass  of  that  body.  The  statement  that  a  body  has  a  weight 
of  10  grm.  means  that  its  weight  is  the  same  as  that  of  10  grm., 
9,810  dynes  say,  and  consequently  the  mass  is  10  grm. 

Volume. — The  unit  of  volume  la  the  cubic  centimeter  or  the 
still  larger  unit,  the  liter  which  is  1,000  c.c. 

Energy. — Work  is  usually  defined  as  the  product  of  a  force  and 
the  distance  through  which  it  acts:  energy  as  work  or  the  ability 
to  do  work.  It  has  been  further  shown  that  there  are  many  forms 
of  enei^  such  as  heat,  light,  electrical  energy,  chemical  energy, 
etc.,  and  that  these  forms  may  be  changed  one  into  another 
without  loss.  In  fact  in  an  isolated  system  of  bodies,  energy 
can  be  tieitker  created  nor  destroyed,  but  reTtiains  present  in  wn- 
ckanged  amount.     This  is  the  law  of  the  conservation  of  energy. 

The  unit  of  enei^  is  the  erg,  and  this  is  the  work  done  by  a 
force  of  1  dyne  acting  through  a  distance  of  1  cm.  This  unit 
is  rather  small,  and  so  we  have  the  larger  units,  the  joule,  which 
is  10,000,000  ergs,  and  the  kilojoule  which  is  1,000  joules. 

Whenever  work  is  done  upon  a  body,  the  latter  acquires  the 
ability  to  do  work,  and  hence  an  increase  in  enei^.  The 
simplest  way  to  regard  this  change  of  work  into  energy  is  to 
consider  work  as  one  of  the  forms  of  energy.  If  this  is  dona 
energy  may  be  defined  cm  work  and  everytking  else  which  may  be 
obtained  from  work  and  reconverted  into  work. 

CoDservatlon  of  Weight  and  of  MaBs.^-One  of  the  most  useful 
instruments  to  the  chemist  is  the  balance.  This  is  a  device  by 
means  of  which  the  weights  of  bodies  may  be  compared,  and 
since  the  weights  are  proportional  to  the  mass,  the  relative 
masses  may  be  determined. 

If  we  ask  the  question,  how  are  the  masses  of  substances 
affected  when  they  undergo  chemical  change,  we  can  obtain  the 
answer  by  weighing  the  reacting  substances  before  and  after  the 
change.  We  will  find  that  in  many  cases  there  are  apparent 
losses  in  weight,  as  in  the  case  of  burning  a  piece  of  wood  and  in 
other  cases  a  gain  in  weight,  as  in  the  rusting  of  iron.     But  these 


UNITS  1 1 

changes  take  place  in  contact  with  air  and  hence  the  changes  in 
weight  may  be  due  to  something  escaping  to  the  air  in  the  case  of 
the  wood,  or  coming  in  from  the  air  in  the  case  of  the  iron. 

This  possible  source  of  change  in  weight  may  be  excluded  by 
sealing  the  whole  reacting  substance  air-tight  in  a  flask.  When 
this  is  done^  it  will  be  found  that  whatever  changes  in  weight  may 
be  observed  will  be  inside  the  limits  of  experimental  error,  for 
all  but  the  most  refined  experiments,  and  even  in  these  cases  the 
small  changes  observed  may  perhaps  be  due  to  some  source  of 
error  as  yet  unknown. 

Neither  is  there  any  known  physical  change  which  will  altel 
the  weight  at  any  given  spot  of  the  substance  undergoing  the 
transformation  and  therefore  we  at  once  set  up  the  law  of  the 
conservation  of  weight  which  is,  that  neither  a  physical  nor  a 
chemical  change  alters  the  total  weight  of  the  system  undergoing 
change. 

Since  mass  is  proportional  to  weight  we  may  get  from  the  above 
the  law  of  the  conservation  of  mass.  The  total  m^iss  of  a  system 
is  the  same  before  and  after  any  chemical  or  physical  change  which 
may  take  place  within  the  system.  This  simply  means  that 
although  chemical  changes  alter  so  radically  the  other  properties 
of  substances  they  do  not  change  that  property  called  mass. 

Density. — ^The  density  of  a  substance  may  be  defined  as  the 
ratio  of  the  mass  of  a  given  body  composed  of  that  substance 
to  the  volume  of  the  body.  It  is  expressed  in  terms  of  grams 
per  cubic  centimeter. 

Specific  Gravity. — ^The  specific  gravity  of  a  substance  is  the 
ratio  of  the  weights  of  equal  volumes  of  that  substance  and  of 
some  other  substance  taken  as  a  standard.  Water  is  usually 
taken  as  the  standard.  The  temperature  of  both  substances 
must  be  stated  in  order  that  specific  gravity  may  be  definite. 
If  water  at  4°C.  is  taken  as  the  standard  substance,  since  at  that 
temperature  its  density  is  one,  the  numerical  value  of  the  specific 
gravity  will  be  the  same  as  that  of  the  density,  although  the 
conceptions  are  entirely  different. 


CHAPTER  III 
OXYGEN 


Discovery  of  Oxygen 
by  the  English  chemi 
mercuric  oxide.  It  war 
a  year  earlier  than  by  ' 
but  his  results  were  m 


idiaoovei-ed  August  1, 1774,  , 
.0  prepared  it  by  heating  j 
y  disco  vie  red  something  like  i 
e  Swedish  chemist  Scheele,  i 
til  1777.     Scheele  obtained  ( 


■      FlQ.   1. 

it  by  heating  saltpeter,  mercuric  oxide,  manganese  dioxide,  and 
a  number  of  other  substances. 

Priestly's  original  experiment,  in  a  somewhat  modified  form, 

may  be  eaaily  repeated.    Mercuric  oxide,  which  is  a  reddish 

powdery  substance,  is  placed  in  a  doubly  bent  tube  (Fig.  1)  which 
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must  be  of  hard  glass.    It  is  then  strongly  heated,  and  soon  the 

mercuric  oxide  darkens  in  color  and  becomes  almost  black.    If 

the  heating  be  continued  a  bright  metallic  film  appears  on  the 

cooler  part  of  the  tube,  and  at  the  same  time,  jif  the  end  of  the 

delivery  tube  be  placed  under  water,  bubbles  of  gas  will  be  seen 

to  rise  through  the  water.    This  gas  may  be  collected  by  filling 

a  vessel  with  water  and  placing  it  mouth  downward  in  a  tiiough 

of  water.    Upon  bringing  the  mouth  of  the  vessel  over  the 

delivery  tube,  the  bubbles  of  gas  will  pass  up  into  the  vessel  and 

gradually  displace  the  water.    When  the  vessel  is  full  of  the  g^ 

it  may  be  removed  from  the  water  and  placed  mouth  upward 

on  the  table  for  experimentation,  taking  care  to  keep  it  covered 

with  a  glass  plate.    It  will  be  as  transparent  as  air  and  in  fact 

will  appear  just  Uke  air.    It  may,  however,  be  distinguished 

from  air  by  its  action  toward  a  feebly  glowing  spark  on  the  end 

of  a  splinter.    In  oxygen  the  spark  bursts  into  flame,  while  in 

air  it  barely  continues  to  glow. 

If  the  process  of  heating  the  mercuric  oxide  be  continued,  the 
oxide  will  be  seen  to  diminish  gradually  in  quantity  and  the 
bright  metallic  film  to  increase,  and  all  the  while  the  gas — oxygen 
— ^will  be  given  ofif.  This  will  go  on  until  the  mercuric  oxide  has 
all  disappeared,  then  the  process  comes  to  an  end.  If  the  bright 
metallic  film  be  examined  it  will  be  found  to  consist  of  drops  of 
mercury,  which  is  often  called  quicksilver.  So  we  have  the  one 
substance,  mercuric  oxide,  decomposing  into  two  substances, 
oxygen  and  mercury  which  have  entirely  different  properties 
from  the  mercuric  oxide;  therefore,  this  is  a  chemical  change. 
Comtmstioii. — Experience  from  infancy  has  made  us  familiar 
with  that  most  important  set  of  chemical  phenomena  called  com- 
bustion. We  see  the  coal  or  wood  bum  in  the  stove,  the  oil  or  gas 
in  the  lamps.  We  know  that  a  great  amount  of  heat  is  universally 
given  ofiF  during  such  a  process.  In  most  of  the  above-mentioned 
cases,  it  is  very  apparent  that  the  burning  substance  decreases 
in  weight.  There  are,  however,  other  cases  which  we  would 
certainly  classify  as  combustion  in  which  the  weight  is  increased 
during  the  process  of  burning.  For  example,  if  a  piece  of  metallic 
magnesium,  in  the  form  of  a  ribbon,  be  held  in  the  flame  of  a 
mfftch  it  will  take  fire  and  burn  with  an  exceedingly  bright  light. 
The  me^  disappears  and  in  its  place  is  left  a  white  powdery  sub- 
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stance  which  weighs  two-thirda  more  than  the  metal  did  before 
burning.  Rnely  divided  iron  will  burn  when  brought  into  a 
Same,  forming  a  black  brittle  substance  which  weighs  more  than 
the  original  iron.  In  these  and  other  instances  of  the  same  kind 
which  might  be  mentioned,  the  products  of  combustion  are  solids, 
and  hence  easily  obtained  in  a  weighable  form.  This  suggests 
that  perhaps  in  every  "■"■"  "'  ""■"•"—tion  the  products  are  really 
heavier  than  the  con  ice,  and  that  in  the  case  of 

the  wood,  etc.,  first  products  are  gaseous  and 

hence  escape  our  obn"^  t  this  is  so  may  be  easily 

shown  in  the  case  of  .  ling  a  cold  object  over  the 

burning  lamp  when  '♦  mea  covered  with  a  film  of. 

liquid  water.     Since  lot  accumulate  if  the  lamp  | 

is  not  lighted,  wc  con  vater  is  one  of  the  product*  . 

of  the  combustion  of  tr  jp  of  lime  water,  on  the  end  | 

of  a  glass  rod  or  a  loop  ol  wire,  De  brought  over  the  flame  of  a  ' 
lamp  it  will  quickly  become  clouded.     Now  water  vapor  will  not 
produce  this  doud  in  the  lime  water  nor  will  it  appear  unless 
the  lamp  is  burning,  and  therefore  we  conclude  that  something 
besides  water  ie  formed  during  the  burning  of  the  oil.     One  of 
the  characteristic  properties  of  carbon  dioxide  is  its  ability  to 
cloud  lime  water,  and  we  then  conclude  that  carbon  dioxide  as 
well  as  water  is  formed  during  the  combustion  of  the  oil.     Proc-  ' 
esses  by  which  the  presence  of  certain  substances  may  be  de- 
tected are  called  tests  or  reactions,  and  the  eubslances  used, 
such  as  the  lime  water  in  this  case,  are  called  reagents.     By  j 
applying  these  same  teats  to  burning  coal,  wood  or  gas,  it  will  ] 
be  found  that  in  these  cases  also,  carbon  dioxide  and  water  vapor 
are  formed.     If  the  coal  is  anthracite,  comparatively  little  water 
vapor  and  much  carbon  dioxide  will  be  produced.  ' 

There  is  a  solid  white  substance  called  caustic  potash  whicb 
has  the  power  to  take  up  both  water  vapor  and  carbon  dioxide,^ 
and  to  hold  them  in  such  a  form  that  they  may  be  weighed.    -] 

If  a  glass  cylinder  loosely  filled  with  this  substance  be  placed  1 
over  an  unlighted  candle  and  the  whole  counterpoised  upon  -  ' 
^  balance  and  the  candle  then  lighted  (Fig.  2),  the  caustic  poi 
will  absorb  the  water  vapor  and  carbon  dioxide  produced  <i\^ 
the  burning,  and  it  will  be  very  quickly  seen  that  the  weight 
the  whole  is  increasing,  although  the  candle  is  visibly  becomi 
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smaller.  In  some  such  a  way  as  this  it  may  be  shown  tbat  the 
wei^t  of  the  products  of  combustion  is  always  greater  than  that 
of  the  combustible  substance.  Since  in  every  case  the  products 
of  combuBtion  have  different  properties  from  the  original  flub- 
stance,  the  changes  that  take  place  are  chemical  changes. 


Fio.  2. 


The  law  of  the  conservation  of  weight  states  that  the  weight 
of  the  products  of  a  chemical  change  is  the  same  as  that  of  the 
substances  before  the  change.  We  must  conclude  then  that  there 
is  some  other  substance  than  that  which  burned  taking  part  in 
the  chemical  change  which  we  call  combustion,  and  that  the 
weight  of  this  other  substance  is  equal  to  the  difference  in  weight 
between  that  of  the  products  of  combustion  and  the  combustible 
substance. 

Role  of  the  Air.— All  these  changes  which  we  have  been  con- 
tideting  take  place  in  contact  with  the  air,  so  it  is  very  probable 
that  this  other  substance  is  present  in  the  air.  This  is  con- 
finned  hj  the  fact  that  it  is  impossible  to  make  a  combustible 
substance  burn  in  a  vacuum,  and  further,  when  it  bums  in  a 
limited  amount  of  air  a  part  of  the  air  is  used  up,  or  disappears, 
but  never  more  than  one-fifth  of  the  total  volume  of  the  air. 
After  <Hie  kind  of  combtution  has  used  up  one-fifth  <tf  the  air,  no 
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other  subatance  will  burn  in  the  remaiiiing  four-fifths.  This 
indicates  clearly  that  the  air  consists  of  at  least  two  gaseous 
substancea,  one  present  to  the  extent  of  one-fifth  of  the  tot^ 
volume;  and  taking  a  most  important  part  in  the  phenomenon 
of  combtiBtioD. 

If  mercury  be  heated  for  a  number  of  days  to  a  temperature 


a  little  below  ita  boili: 
of  air,  a  reddish  subsi 


itact  with  a  limited  volume 
ic  oxide,  is  formed  on  the 
!ury,  and  the  air  gradually 
jases    in    volume.       If  the 
uric  oxide  obtained  in  thia 
be  heated  as  described  on 
2,   it    yields    mercury   and 
en,  and  the  volume  of  oxy-' 
)0  produced  is  just  equal  tol 
tne  decrease  in  the  volume  of 
the    air.     This  oxygen   has  the 
ly^   power    of    supporting   combus- 
tion to  an  extraordinary  degree 
and  in  the  burning,  all  the  oxy- 
gen may  be  used  up.     The  residual  air  will  not  support  combus- 
tion, but  if  the  oxygpn  obtained  by  decomposing  the  mercuric 
oxide  be  added  to  it,  the  air  regains  all  its  original  properties. 

These  experiments  were  first  performed  by  the  French  chemist 
Lavoisier  shortly  after  the  discovery  of  oxygen,  and  had  much 
to  do  with  our  present  conception  of  combustion.  The  apparatus 
which  he  used  is  shown  in  Fig.  3. 

Combination  and  Decomposition.^We  have  seen  above  that 
mercuric  oxide  may  be  transformed  into  mercury  and  oxygen. 
Thia  process  is  an  example  of  what  is  called  decomposition,  and  the 
reversed  process,  the  formation  of  the  mercuric  oxide  from  oxygen 
and  mercury,  is  an  example  of  combination.  Processes  like  these 
compose  a  largo  part  of  the  changes  studied  in  chemistry. 

Preparation  of  Oxygen. — Although  free  oxygen  ia  present  in 
the  air  in  auch  enormous  quantities,  the  problem  of  separating 
from  the  substances  with  which  it  is  mixed  is  by  no  means  aim] 
(See  liquid  air,  pp.  25  and  200.) 

There  are  many  other  substancea  besides  tboae  already  giv 
which  will  yield  oxygen  upon  being  heated.    Among  theee 
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)e  mentioned  potassium  chlorate  and  potaesium  permanganate, 
md  in  addition  oxygen  may  be  obtained  by  the  decomposition 
>f  water  by  the  electric  current  and  by  acting  upon  sodium  per- 
Qxide  with  water  or  dilute  acid.  The  method  most  in  use  in  the 
laboratory  is  that  of  heating  potassium  chlorate.  This  is  a  white 
crystalline  substance  which  melts  at  about  360°C.  and  decom- 
poses at  a  higher  temperature  into  oxygen  and  potassium 
chloride.  The  rate  of  decomposition  increases  rapidly  as  the 
temperature  is  raised.    Curiously  enough  if  it  be  mixed  with 


something  like  one-third  its  weight  of  manganese  dioxide  the 
decomposition  takes  place  much  more  rapidly  than  with  the 
potanum  chlorate  alone,  being  quite  active  at  as  low  a  terapera- 
^n  as  200°C.,  and  after  the  operation  the  manganese  dioxide 
w  found  to  be  unaltered  except,  perhaps,  that  the  particles  may 
be  1  little  finer  than  before.  Although  manganese  dioxide  will 
jicid  oxygen  at  a  high  temperature,  it  will  not  do  so  in  noticeable 
qtuntity  at  200°C.,  and  its  action  here  seems  to  be  to  greatly 
incieaae,  by  its  mere  presence,  the  rate  at  which  the  potassium 
Vibrate  decomposes.  Actions  of  this  kind  are  common  and  are 
known  as  cat^ytic  actions.  They  will  be  considered  more  in 
detail  later. 
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The  decomposition  of  the  potassium  chlorate  when  ma( 
with  manganese  dioxide  may  be  carried  out  in  a  hard 
(Fig.  4).  The  oxygen  is  collected  by  the  displacement  of  wab 
as  explained  above. 

Physical  Properties. — The  gas  so  obtained  is  colorless,  odorlefl 
and  not  verj-  soluble  in  water  or  it  could  not  be  collected  oi 
this  liquid. 

One  of  tho  important  physical  properties  of  every  substan 
is  its  density.  The  simplest  way  to  determine  the  density  I 
oxygen  is  to  det-onipose  a  known  weight  of  either  mercuric  oxi( 
or  potassium  chlorate  and  weigh  the  residue.  The  loss  in  weic^ 
is  the  weight  of  the  oxygen.  If  the  unit  of  weight  is  the  weigl 
of  1  grm.  the  loss  in  weight  gives  at  once  the  mass  of  the  oxygei 
and  to  obtain  its  density  it  will  only  be  necessary  to  measure  tl 
volume  of  the  oxygen,  and  divide  the  mass  by  the  volume.  Fi 
example,  1.6000  grm.  of  mercuric  oxide  gave  O.Illl  grm.  of  oxygen 
which  measured  87.  L5  c.c.  under  a  pressure  of  74  cm.  of  mercur; 
and  at  25°C.  The  density  of  oxygen  under  these  conditions  il 
therefore  "-^^^Htis  =  0.0012752  grm.  per  c.c. 

Standard  Conditions. — If  the  volume  of  a  gram  of  oxygen,  or 
of  any  other  gas  for  that  matter,  be  determined  under  differeSl 
atmospheric  conditions  it  will  be  found  to  vary  widely.  OtiwI 
things  being  the  same,  the  higher  the  temperature,  the  greata 
the  volume,  and  the  higher  the  pressure  the  smaller  the  Tolunw. 
It  can  be  readily  seen  from  this  that  the  density  of  a  gas  if 
definite  unless  the  volume  of  a  given  mass  of  the  gas  be  mi 
at  a  certain  definite  temperature  and  pressure.  For  the 
uniformity  it  is  the  universal  custom  to  take  the  temperature  ^ 
melting  ice,  or  0°C.,  as  the  standard  temperature  since  this  can  ^ 
so  easily  reproduced.  As  the  standard  pressure,  is  taken 
mean  pressure  of  the  air  at  the  sea  level,  which  is  equal  to  that) 
a  column  of  mercury  76  cm.  in  height.  Since  the  density  of 
mercury  changes  with  the  temperature,  the  mercury  should  alN 
be  at  0*C. 

The  Gas  Laws 

Boyle's. — As  it  is  usually  not  convenient  to  measure  the  vol- 
ume of  gases  under  standard  conditions,  it  is  a  matter  of  gnil 
importance  to  know  just  how  they  change  their  volumes  w^ 
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uiges  in  pressure  and  temperature,  so  that  their  volumes  may 
read  under  any  convenient  conditions  and  corrected  to  what 
ey  would  be  under  standard  conditions.  Fortunately  it  has 
sen  found  that  gases  behave  so  nearly  alike  that  the  same  cor- 
ictions  will  do  for  all  unless  extreme  accuracy  is  demanded. 

The  simplest  relationship  is  that  between  the  volume  and  the 
Teasure,  and  this  has  been  known  ever  since  1660,  when  it  was 
Uncovered  by  the  English  scientist  Robert  Boyle. 

Boyle  found  that  if  the  pressure  upon  a  fixed  mass  of  a  given 
ptB,  at  constant  temperature,  be  doubled,  trebled,  or  quadrupled, 
the  volume  of  the  gas  would  be  reduced  to  one-half,  one-third,  or 
onfriourth  of  its  original  volume,  or  in  other  words  the  volume  of 
0  Jlxed  mats  of  a  given  ffos  al  constant  lemjjeraturB  ,is.Jiioexaely 
proportional  jg  th&.  jtrf "n^"  This  is  known  as  Boyle's  law,  and 
iD&y  be  represented  as  follows: 


v-k^  (1) 

when  V  and  p  are  the  simultaneous  values  of  the  volume  and 
^nnire  under  which  the  gas  is  measured. 
The  above  relation  may  also  be  expressed  in  the  following 

PiVi  =  piVi  =  pv  =  const.  (2) 

■fatn  piVi  and  piV)  are  pairs  of  simultaneous  values  of  pressure 
ud  volume.  In  words  this  is  expressed  as  follows:  The  'product 
'4  U«  nmu^neous  vfdues  of  the  pressure  and  the  volume  for  a 
Mti  nuut  of  a  gas  at  constant  temperature  is  a  constant.  This  is 
■ffljiy  another  way  of  wording  Boyle's  law. 

it  an  example  of  the  practical  application  of  this  law  we  may 
••to  the  data  pven  above  for  the  density  of  oxygen.  There  we 
"d  87.15  c.c.  of  oxygen  at  25''C,  and  a  pressure  of  74  cm.  of 
"lercory.  What  would  be  the  volume  at  the  same  temperature 
bat  under  the  standard  pressure  of  76  cm.  of  mercury? 

Tiking  equation  (2)  we  have  -    /      .'' 

PlVi   =  PiVi 

*>dletting  Pi  ■■  74,  vj  "=  87.15  c.c.  and  pi  =  76  cm.  of  mercury, 
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Vi  ™  volume  at  this  standard  pressure.     Solving  for  Vi  we  g( 


74  X  87.15       „,  „. 
vi  =  —ifi. —  =  84.85  c.e. 
76 

This  would  be  the  volume  of  the  gas  if  measured  at  the  tempen 
ture  25''C.  unde  assure. 

In  order  tn  pi  nc  which  the  gas  would  oocup 

at  the  Btandard  well  as  pressure,  it  would  I) 

necessary  to  iisci  le  of  a  given  change  in  the  tea 

perature  upon  t  xed  mass  of  a  gas  at  constan 

preBflure,   and   f  correction   to   the   calculate 

volume  of  the  gi  pressure.     Aa  indicated  abovi 

the  volume  of  a  increases  with  rising  tenfpen 

ture,  the  pressurt  staot.     If  we  take  the  voluni 

occupied  by  a  certain  nnass  of  a  gas  at  the  melting-point  of  ice  ( 
CC.  as  unity,  and  then  heat  the  gas  to  the  temperature  of  wftl< 
boiling  under  a  pressure  of  76  cm.  of  mercury,  the  volume  of  tli 
gas  will  be  found  to  be  1.367,  so  that  the  increase  has  been  0.36' 
If  now  we  divide  the  difference  in  temperature  between  tl 
melting-point  of  ice  and  the  boiling-point  of  water  into  100  eqii 
parts,  as  has  been  done  in  the  Centigrade  thermometer  syster 
the  increase  in  volume  for  each  degree  is  0,00367  or  J-^73  of  tt 
volume  at  0°C,  This  is  called  the  coefficient  of  expansion  of  tl 
gas  and  is  represented  by  alpha,  "a." 

The  law  describing  this  behavior  is  called  Gay  Lussac's  at 
Dalton's  Law  or  sometimes  Charles'  Law  juid  was  discover! 
simultaneouKly  by  Gay  Lussac  and  Dalton  in  1802.  It  may  I 
expressed  as  follows:  The  volume  of  a  fixed  mass  of  a  gas  at  co 
atant  pressure  is  increased  by  Hts  <*/  ^^  t'olume  at  0°  Centigra 
for  each  degree's  rise  in  temperature. 

The  mathematical  expression  is 

v,  =  (1  +  «  t)v„ 
where  Vo  =  volume  at  CC,  v,  =  the  volume  at  the  temperatu 
t,  t  =  the  temperature,  and  a  the  coefficient  of  expansu) 
0.00367  or  ^^73.  The  conditions  under  which  this  will  ho 
are  that  both  the  mass  of  the  gas  and  the  pressure  upon 
must  remain  constant. 


o'a 
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lute  Temperature. — Since  all  gases  are  so  regular  in  their 
>r  toward  changes  of  temperature  the  change  in  the 
(  of  a  fixed  mass  of  a  gas  under  constant  pressure  has 
iken  as  the  measure  of  the  change  in  temperature.  Gas 
•meters  are  really  the  standard  instruments  for  the 
*ement  of  temperature  at  the  present  time,  volume  T«mp. 
ry  thermometers  are  uded  as  working  instru- 
because  the^^re  somewhat  more  convenient  H 

as  thermometers.  8i8-|p|ioo°a 

the  Centigra(^e  thermometer  system,  the  ^^q 
g-point  of  ice  has  been  called  0^  and  the 
;-point  of  water  100**.  If  a  fixed  mass  of  a 
constant  pressure  be  raised  in  temperature  aoo 
ihe  melting-point  of  ice  to  the  boiling-point 
«r  (Fig.  5),  its  volume  will  be  increased  by 
\  of  its  volume  at  0°C.  Since  we  have  ^bo 
Y  decided  to  call  the  temperature  interval 
m  the  freezing-  and  the  boiling-point  of 
100**  and  to  take  the  change  in  the  volume  ^^ 
M  as  the  measure  of  the  change  in  the  tem- 
re,  we  say  that  if  a  fixed  mass  of  a  gas  at  ^ 
nt  pressure  changes  its  volume  by  ^^73  of 
ume  at  O^^C.  its  temperature  has  been  changed 
3.  If  it  changes  its  volume  by  2^73  of  its  100 
e  at  0**C.  the  change  has  been  20°. 
i  a  very  simple  matter  to  cool  a  gas  to  a  tem- 
re  below  0**C.  The  gas  contracts  during  the  ^^ 
3  and  continues  to  do  so  as  it  is  cooled  to 
md  lower  temperatures.  In  accordance  with 
las  been  said  above,  we  consider  that  the  gas  „ 
>en  cooled  1**  for  each  3^73  of  its  volume  at 
rhich  it  has  lost,  the  pressure  and  the  mass  of  gas  being 
Dt.  It  is  very  obvious  that  a  gas  cannot  lose  more  than 
t  of  its  volume  because  this  would  reduce  it  to  zero 
3.  Therefore,  the  lowest  temperature  to  which  a  gas 
J  cooled  is  273  Centigrade  degrees  below  the  Centigrade 
id  this  temperature  is  called  absolute  zero.  As  a  matter 
t  all  gases  are  liquefied  or  solidified  before  they  reach 
imperature,  and  since  the  gas  laws  do  not  describe  the 
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behavior  of  liquids  or  solids  the  Bubstaoces  would  doubtless  hai 
some  volume  even  if  cooled  to  absolute  zero.  The  lowest  Ux 
perature  yet  reached  is  about  3°  above  absolute  zero  whi( 
is  the  temperature  at  which  liquid  helium  will  boil  vaiii 
dimitUBhed  pressure. 

Temperatures  reckoned  upward  from  this  absolute  zero  a 
called   absolute   temj       '  ""le   absolute    temperature  oi 

melting  ice  is  ayS'A-  ng  water  373°A.     Tempera- 

tures on  the  Centigr  y  be  readily  changed  to  th« 

absolute  scale  by  adc     r  .he  Centigrade  temperature. 

Absolute  temperatures  a  represented  by  T  and  Centi- 

grade by  t,  so, 

273 

There  are  two  import  iges  of  the  absolute  over  tin 

Centigrade  system.     Firs..,  ~j  use  one  does  away  with  afl 

negative  temperatures  and  second,  we  are  enabled  to  state  the] 
law  of  Gay  Lussac  and  Dalton  in  the  following  exceedingly  simple' 
manner.  The  volume  of  a  fixed  mass  of  a  gas  at  constant  pressutti 
is  directly  proportional  to  (he  absolute  teviperaiure.  In  symbolic) 
this  law  is  expressed  as  follows; 

V  =  k'T 

where  v  is  the  volume,  k'  the  proportionality  factor,  and  T  th^ 
absolute  temperature.  ' 

By  a  simple  transformation  of  equation  (3)  we  get 

?-' 

or  the  volume  of  a  fixed  mass  of  a  given  gas  divided  by  U».« 
absolute  temperature  at  which  it  ia  measured  is  equal  to  a 
constant.     From  this  it  follows  that 

K  -  r!  '* 

in  which  Vo,  To  and  V|,  Ti,  are  any  different  sets  of  simultaneo 
values  of  the  volume  and  temperature  for  the  same  sample 
gas. 

With  the  aid  of  equation  (4),  we  may  readily  calculate 
volume  of  a  given  sample  of  gas  at  one  temperature  from 
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volume  at  another  provided  tbe  pressure  remains  constant.  Thia 
nnfty  be  illustrated  by  calculating  the  volume  of  the  oxygen 
obtfuned  on  p.  18  at  the  standard  temperature  of  0°C.  or  273°A. 
On  p.  20  we  made  the  correction  for  pressure  according  to 
Boyles'  law  and  found  that  at  25°C.  or  298" A.  and  under  the 
standard  pressure,  the  volume  would  b^  84.85  c.c.  Letting  Vq 
be  the  volume  at  273''A.,  V,  be  84.85  and  Ti  be  298''A.,  we  get 
Vo  _  84.85 
273        298 


To  obtain  the  density  of  oxygen  under  standard  conditions  aU 
that  remains  to  be  done  is  to  divide  the  mass  of  the  oxygen, 
0.1111  grm.  by  this  calculated  volume,  77.74  c.c. 

Denaty  =    '    - .    =  0.0014293  grm.  per  c.c. 

The  Combined  Gas  Laws. — In  calculating  the  volume  of  the 
oqrgen  obtained  on  p.  18  we  first  corrected  for  pressure  by 
multiplying  the  measured  volume  87.15  c.c.  by  the  ratio  of  the 
iDeasured  pressure  74  cm.  to  the  standard  pressure  76  cm.  and 
then  took  this  result,  84.85  c.c,  and  corrected  for  temperature 
b;  multiplying  it  by  the  ratio  of  the  standard  temperature,  273" A. 
to  that  at  which  the  gas  was  measured  25°C.  or  298°A.  Ob- 
TiouBly  these  operations  might  just  as  well  have  been  combined 
»nd  the  double  correction  made  at  once,  as  follows: 

V,  =  87.15  X  ^  X  f§|  =  77.74    c.c.  at  CC.  and  76  cm. 
rf  mercury. 
This  ia  a  perfectly  general  relationship  and  may  be  represented 

'  tj 

Pi      To 

Vo  =  V,  X  g  X  ^^  (5) 

We  may  then  calculate  the  volume  of  any  given  sample  of 
gas  at  any  desired  condition  of  temperature  and  of  pressure 
from  its  volume  at  any  other  temperature  and  presaure  by 
multiplying  the  given  volume  first  by  the  ratio  of  the  pressures 
and  second  by  the   ratio   of  the   absolute   temperatures.     In 


,    ^^  .^  atinatu  Dut  may  be  i 

tion  to  standard  conditions  by  using  the  ; 
ieh  is  easily  derived  from  e(|iiatioii  (5) 

"      76(1  + 0.00367 1) 

which  1 18  the  Centigrade  temperature  at  wh: 
Pleasured. 

3ther  Physical  Properties  of  Ozygea. — Sol 
5  very  important  propprtiea  of  a  substance 
.ich  goes  to  make  up  our  conception  of  the  su 
2n  pointed  out  above,  oxygen  is  not  very  aolu 
jld  not  have  been  collected  over  this  Uquid. 
ter,  however,  is  easily  measured  since  one 
0°C.  dlseolves  0.048!t0  \'oliime8  of  oxygen.  At 
'es  the  solubility  is  smaller.  Many  metals  ai 
antities  of  oxygen.  Melted  silver,  for  ext 
Tiething  like  10  time*  its  own  volume  of  oxy 
rt  of  which  it  gives  ofT  on  cooling.  The  esci 
Jtuberances  of  silver  to  grow  out  from  the  bes 
3  phenomenon  known  to  assaycrs  as  sprouting 
Liquid  Oxygen. — If  oxygen  under  atmospht 
)led  below  —  ]82.5°C.  it  l)ecomes  a  pale  bV 
1  a  density  of  1.12  and  boils  under  atmoRn> 
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but  is  lower  if  the  temperature  is  lower,  the  liquid  appears.  At 
ordmary  temperatures  or  at  any  temperature  higher  than 
^118.5°C.  it  is  not  possible  to  liquefy  oxygen  by  any  pressure 
however  great. 

An  other  gases  behave  as  oxygen  does  in  this  respect.     Each 

K^  has  a  certain  temperature  above  which  it  is  impossible  to 

hquefy  it.    This  temperature  is  called  the  critical  temperaturei 

wd  the  pressure  which  will  be  just  great  enough  to  bring  about 

the  Uquefaction  at  the  critical  temperature  is  called  the  critical 

pressure.    In  the  case  of  oxygen,  the  critical  temperature  is 

^      ^118.5°C.  and  the  critical  pressure  is  50.8  atmospheres.    An 

j     atmosphere  is  a  pressure  equal  to  76  cm.  of  mercury.     For  other 

^ ;     gases,  the  critical  constants  are  different,  and  are  characteristic 

^or  each  substance.     In  learning  the  properties  of  any  given 

:  I     gaseous  substance,  a  fairly  definite  notion  of  its  critical  constants 

j     and  boiling-point  should  be  obtained. 

\       Air  is  a  mixture  of  approximately  one  part  by  volume  of 
^^gen  and  four  parts  by  volume  of  other  gaseous  substances, 
chiefiy  nitrogen.    Liquid  air  has  something  like  the  same  com- 
P^tion  but  is  a  little  richer  in  oxygen  because  this  is  more 
^y  liquefied  than  the  nitrogen.    If  the  liquid  air  be  allowed  to 
M  away,  the  nitrogen  will  come  off  in  relatively  greater  quan- 
tities than  the  oxygen  and  the  liquid  will  gradually  become 
ncher  and  richer  in  oxygen,  and  finally  will  yield  a  gas  containing 
95  per  cent,  or  more  of  oxygen.     This  is  the  basis  of  the  most 
important  method  for  the  preparation  of  oxygen  upon  a  com- 
mercial scale.    The  gas  is  put  upon  the  market  in  strong  steel 
cylinders  under  a  pressure  of  100  atmospheres. 

Both  gaseous  and  liquid  oxygen  are  attracted  by  a  magnet 
although  the  attracting  force  is  very  much  smaller  than  that 
exerted  upon  an  equal  weight  of  iron. 

Solid  Oxygen. — When  oxygen  is  cooled  with  liquid  hydrogen, 
it  freezes  to  a  Ught  blue  solid  which  melts  at  —  227°C. 

Chemical  Properties. — The  ability  to  support  combustion  to  an 
extraordinary  degree  is  the  chief  chemical  property  of  oxygen, 
and  is  made  use  of  in  its  identification  by  introducing  into 
some  of  the  gas  a  glowing  spark  on  the  end  of  a  stick, 
when  it  at  once  bursts  into  fi^^xe.  This  is  the  test  or  reaction 
for  oxygen  and  the  spUnter  ot  ^p^rk  is  the  reagent. 


,   ^..jf^^iiy  one  rest;  01  the  air  and 

bustion;  and  so  of  course  the  temperatur 
I  as  in  the  case  of  the  combustion  in  pure 
only  the  wood,  the  oxygen,  and  the  produc 
varm.     Now  the  same  thing  is  true  in  thi 
itioned  about  the  decomposition  of  potassiu 
reaction  goes  on  much  faster  the  higher  t 
refore  the  rapid  combustion  in  oxygen  is  c 
ndant  supply  of  the  gas  and  to  the  higher  U 
rem  this  explanation  we  would  expect  that  otl 
1  more  rapidly  in  oxygen  than  in  air,  and 
our  expectation  realized.    For  example  sulf 
with  a  pale  blue  flame  of  very  Uttle  lumii 
;en  it  bums  with  a  bright  blue  flame.     Ph« 
ir  with  a  yellowish-white  flame,  in  oxygen  t 
cceedingly  rapid  and  the  Ught  is  so  intense 
sling. 

[any  substances  which  will  not  readily  burn  in 
1  oxygen,  for  example  iron.  If  a  piece  of  iro 
air,  it  becomes  covered  over  with  a  coating 
)h  may  be  separated  rather  easily  from  the  it 
3  time  that  the  coating  is  formed  the  iron  incre 
thin  piece  of  iron,  say  a  watch  spring,  be  heat< 
;en  it  will  take  fire  and  burn  vigorouslv.  throi 
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takes  place  increases  very  rapidly  until  finally  the  substanc^ 

^^dles  into  flame.     It  is  not  possible  to  locate  very  accurately 

this  temperature  at  which  kindling  into  flame  takes  place  as  it 

depends  upon  many  factors,  such  as  the  state  of  subdivision  of  the 

substance,  etc.     Still  less  is  it  possible  to  locate  a  temperature 

above  which  a  substance  will  combine  with  oxygen,  while  below 

it  the  reaction  will  not  take  place.    The  rate  simply  becomes 

Bmaller  and  smaller  as  the  temperature  falls.     We  therefore  must 

conclude  that  all  combustible  substances  combine  with  oxygen 

&t  all  temperatures,  although  the  rate  may  be  immeasurably 

small. 

The  combination  of  oxygen  with  a  combustible  substance  at 
temperatures  below  the  kindling  point  is  called  slow  oxidation. 
This  is  not  essentially  different  from  combustion,  and  with  rising 
^mperature  gradually  merges  into  the  latter.  As  much  heat  is 
&ven  off  during  slow  oxidation  as  during  the  rapid  combustion 
of  the  same  quantity  of  the  substance.  If  this  heat  is  retained 
s^d  goes  to  raise  the  temperature  of  the  body,  as  for  example, 
when  the  reaction  takes  place  in  the  midst  of  a  heap  of  coal,  the 
l^perature  may  rise  high  enough  for  the  substance  to  burst 
mto  flame.  When  this  happens  we  say  it  is  a  case  of  spontaneous 
w>mbustion. 

Quantitative  Relations. — If  we  study  with  care  the  decomposi- 
^on  of  mercuric  oxide,  taking  into  account  the  weights  of  the 
various  substances,  we  will  find  that  the  weight  of  the  oxygen 
Conned  plus  that  of  the  mercury  is  just  equal  to  the  weight  of 
^e  mercuric  oxide  taken.  This  shows,  of  course,  that  nothing 
^  than  mercury  and  oxygen  is  formed  from  mercuric  oxide. 
"®  will  find  too  that,  no  matter  how  or  where  the  mercuric 
oxide  is  prepared,  there  will  always  be  a  constant  ratio  between 
^  weight  of  the  mercury  and  the  weight  of  the  oxygen  obtained 
by  decomposing  mercuric  oxide.  This  ratio  is  also  the  same  as 
that  in  which  the  mercury  and  oxygen  combine  to  form 
mercuric  oxide. 

This  is  simply  one  example  of  *the  law  of  constant  or  definite 

proportions,  which  is  one  of  the  most  important  of  the  laws  of 

chemistry,  and  may  be  stated  as  follows:  **  Whenever  two  or  more 

iubtiances  combine  to  form  another  sybstance,  they  do  so  in  a 

fftrfedly  fixed  and  imfariable  ratio  by  weight.*'     $ 
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Elements. — As  we  have  seen  above,  mercuric  oxide  yieids  i\ 
BUbetances,  oxygen  and  mercury,  whose  combined  weights  a 
equal  to  that  of  the  mercuritr  oxide,  while  their  individu 
weights  are  less.  This  was  apoken  ot  as  decXHapositioD,  and 
is  a  conunon  cbaractcriatio  of  all  decompoaition  rinrirmin  tb 
substances  are  produoed  whoae  individual  wei^ta  aie  kae  thi 
the  weight  of  the  aubatADce  botu.  which  tliey  wne  fwmed. 
we  examine  the  cbemioal  tamaformationa  irfdch  oxygen  tuKle 
goes,  we  will  find  that  in  no  caae  ia  tiutfe  a  aidwtanoe  Itjxmt 
whose  weight  is  lese  than  that  of  the  oxygen  naed  up.  In  oi 
case,  that  of  the  formation  of  ozone  (p.  20),  the  weight  < 
the  resulting  substance  is  the  same  as  that  of  the  foyge 
consumed;  in  all  ot^er  oaaea  it  ia  greater.  We  miiat  oonolw 
then  that  oxygen  haa  never  been  decomposed,  that  ia,  change 
into  something  having  a  anudler  wdght.  The  same  is  tone  f< 
mercury,  and  for  about  80  other  substances.  Thete  aufutonc 
are  called  the  elementa,^  and  in  all  ordinary  chemical  tranaform 
tiona  they  yield  substances  of  either  eqiuil  or  greater,  bid  never  le 
weight  than  their  own. 

Many  of  these  elements  are  familiar  from  our  contact  wi' 
them  in  every-day  life;  for  example,  oxygen,  mercury,  sulfu 
iron,  copper,  lead,  gold,  silver,  carbon,  tin  and  zinc,  A  cor 
plete  table  of  the  elements  may  be  found  on  p.  79. 

Compounds.— These  elements  are  capable  of  entering  in 
combination  with  one  another,  thus  giving  rise  to  the  almo 
innumerable  substances  known  to  chemists  as  chemical  coi 
pounds.  These  chemical  compounds  show  the  following  cha 
acteristics.  They  have  entirely  different  properties  from  tho 
of  the  elements  from  which  they  are  formed.  They  are  hom 
geneous.  The  proportions  by  weight  in  which  the  elemen 
combine  is  in  accord  with  the  law  of  constant  proportions.  Tl 
weight  of  the  compound  is  always  greater  than  that  of  any  oi 
of  the  elements  from  which  it  was  formed  and  is  equal  to  tl 
sum  of  their  weights.  Probably  the  most  important  of  t 
properties  is  that  described  by  what  is  known  as  the  law  of  t 
amaervalion  of  the  elements.    No  ordinary  chemical  process   (e; 

>  The  word  "ordinary"  is  introduced  here  to  exclude  r&dio-active  tran 
form&tion,  since  it  ia  possible  that  in  these  case*  the  above  etatemeat  mi 
not  hold. 
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Auding  radio-adive  changes)  ever  produces  from  a  compound  any 
other  elements  than  those  which  united  for  its  formation,  and  these 
elements  are  reproduced  in  precisely  the  proportion  by  weigH  in 
which  they  combined  for  the  formation  of  the  compound.  These 
points  may  be  illustrated  by  mercuric  oxide.  It  may  be  formed 
by  the  union  of  the  two  elements  oxygen  and  mercury  in  definite 
proportion  by  weight.  Its  properties  are  very  different  from 
those  of  mercury  and  of  oxygen,  and  no  elements  but  mercury 
Kai  oxygen  have  been  obtained  from  it.  With  a  proper  under- 
Btanding  of  the  meaning  of  the  term  "element,"  we  may  now 
resume  the  discussion  of  the  element  oxygen. 

Occurrence  iu  Nature. — As  we  have  already  seen,  oxygen 
makes  up  about  one-fifth  of  the  volume  of  the  air.  That  the  air 
is  amixture  of  gases  and  not  a  chemical  compound  will  be  shown 
later.  An  element  which  is  found  in  nature  uncombined 
chemically  with  any  other  elements,  although  it  may  be  mixed 
I  vith  them,  is  said  to  exist  in  the  "free  state."  Since  there  is 
I  Euch  a  great  quantity  of  air,  oxygen  in  the  free  state  is  very 
plentiful.  The  compounds  of  oxygen  are  numerous  and  exceed- 
it^y  abundant.  More  than  47  per  cent,  of  the  earth's  crust  and 
^t-ninths  of  the  water  is  oxygen. 

Almost  every  one  of  the  elements  is  capable  of  undergoing 
'^mical  change  with  oxygen.  Each  substance  so  formed 
(^eis  radically  in  its  properties  from  either  oxygen  or  the  other 
dement.  Its  weight  is  equal  to  the  sum  of  the  weights  of 
"^  other  element  and  of  the  oxygen,  and  the  two  elements 
'iQite  for  the  formation  of  the  substance  in  perfectly  definite  pro- 
P(^on  by  weight.  Therefore  all  substances  formed  in  this  way 
^  chemical  compounds,  and  since  they  all  have  one  common 
wmponent,  oxygen,  they  are  called  oxides.  We  have,  for  ex- 
Miple,  oxide  of  merciu-y,  oxide  of  iron,  oxide  of  lead,  etc. 

I'reparatioa  of  Ozone.- — When  oiygen  is  exposed  to  the  in- 
fluence of  the  silent  electrical  discharge,  (Fig.  6)  it  undergoes 
'Bmukable  alterations  in  its  properties,  and  is  partially  trans- 
formed into  a  new  substance  called  ozone.  By  removing  the 
litter  as  it  is  formed,  the  whole  of  the  oxygen  can  be  changed 
into  oione. 

Hqriical  Properties  of  Ozone. — When  oxygen  is  converted  into 
none,  the  volume  of  the  ozone  is  only  two-thirds  that  of  the 
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lientical  Properties. — Gaseous  ozone  has 

on  on  the  mucous  membrane.    A  piece  of 

)^d  for  some  time  to  ozone  becomes  black 

Q  of  potassium  iodide  becomes  dark  bro 

\  when  exposed  to  the  action  of  ozone 

3  effect  on  it. 

ozone  be  heated  to  a  temperature  of  25( 

red  back  to  oxygen  again  with  an  increase 

contraction  which  took  place  when  the  c 

sence  of  metallic  silver  and  also  of  sevei 

MS  the  rate  at  which  this  transformati 

takes  place  at  any  given  temperature 

iiiances  are  destroyed  by  ozone  and  henc 

ching   agent.    It   rapidly   destroys   the 

as  bacteria,  and  ia  therefore  used  as  a 

ral  its  action  is  one  of  oxidation  and  dif 

ly  in  that  it  is  more  vigorous  and  that  us 

veisht  of  O7.on- 
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water,  and  in  addition  is  used  for  the  purification  of  air  and  of 
Aarch,  resinification  of  oils,  and  in  the  aging  of  liquors.  Its  use 
:  tor  the  purification  of  air  is  of  somewhat  doubtful  value,  since 
I  to  destroy  bacteria  in  air  the  ozone  must  be  strong  enough  to 
\  kill  guinea  pigs  and  in  this  strength  would  in  all  probability  be 
dangerous  to  human  beings. 

AUotropy. — Oxygen  may  be  converted  into  ozone  or  ozone 
into  oxygen  without  any  alteration  in  weight.  From  this  the 
toDclufiion  is  drawn  that  no  other  substance  combines  with  the 
oiygeo  for  the  formation  of  the  ozone.  This  conclusion  is  con- 
finned  by  the  fact  that  when  phosphorus  is  acted  upon  by  ozone 
m  one  case  and  oxygen  in  another,  the  same  substance,  phos- 
phorus pentoxide,  is  formed  in  each  case,  and  if  equal  weights  of 
vtSffsD  and  ozone  are  taken,  the  weight  of  phosphorus  pentoxide 
Conned  in  each  experiment  will  be  the  same.  What  then  is  the 
difference  between  oxygen'  and  ozone? 

Whenever  oxygen  ia  transformed  into  ozone,  energy  is  taken 
"Pi&nd  when  the  ozone  is  changed  back  into  oxygen,  this  energy 
"sppears,  generally  in  the  form  of  heat. 

Oione  then  ia  to  be  regarded  as  a  modification  of  the  element 
"^Tgeu,  possessing  more  energy  than  the  latter.  This  property 
vniclk  oxygen  has  in  common  with  several  of  the  other  elements 
'^  eiigting  in  two  or  more  distinct  forms,  each  having  its  own 
■ot  (rf  properties,  even  when  the  physical  state  of  the  different 
fonni  is  the  same,  is  called  allotropy. 

Allfitropy  then  is  the  property  "shown  by  certain  elements  of 
sorting  in  more  than  one  distinct  form,  each  having  the  same 
I^Jiieal  state  but  possessing  different  properties.  The  different 
lonna  are  spoken  of  as  allotropic  modifications  of  the  element. 
TTie  fundamental  difference  between  the  allotropic  modifications 
of  My  one  element  consists  of  a  difference  in  energy,  although 
m  rane  cases,  and  possibly  in  all,  there  is  a  difference  in  molar 
wtif^t  (see  p.  68). 


CHAPTER  IV 
HYDROGEN 

Hydrogen  was  shown  to  be  a  distinct  substance  by  Cavendiab 
in  1766-  It  had  been  observed  as  an  inflammable  gas  many 
years  before,  but  waa  confused  with  other  inflammable  gases. 
That  it  is  an  element  is  shown  by  the  fart  that  whenever  it  under- 
goes chemical  changes  the  substances  produced  weigh  more  than 
the  hydrogen  which  was  transformed.  Like  oxygen  it  is  a  gas 
at  ordinary  temperatures. 

Occurrence. — Hydrogen  occurs  free  in  nature  in  rather  small 
quantities.  It  is  found  in  the  gases  given  off  from  some  vol- 
canoes and  funiaroles  and  is  present  in  the  air  to  the  extent  of  | 
something  like  one  volume  in  30,000  volumes  of  air.  The  quan- 
tity is  so  small  that  it  is  difficult  to  determine  it  with  accuracy. 
In  the  combined  state  it  is  very  abundant.  Its  cliief  compound 
is  water,  of  which  it  forms  11.19  per  cent,  by  weight,  the  re- 
mainder being  oxygen.  It  occurs  also  in  combination  in  coal, 
petroleum,  natural  gas,  and  in  almost  all  substances  of  animal 
or  vegetable  origin.  It  is  the  essential  element  in  a  large  and 
important  class  of  substances  known  as  the  acids. 

Pieparation  of  RydrogeD.— Since  water  is  so  abundant  and 
contains  so  much  hydrogen  it  would  seem  natural  to  suppose 
that  hydrogen  might  be  obtained  from  it  economically  by  some 
such  process  as  waa  used  in  the  preparation  of  oxygen. 

The  preparation  of  oxygen  from  its  compounds  is  compara^  ' 
tively  simple  because  there  are  several  compounds,  for  example, 
mercuric  oxide  and  potassium  chlorate,  which  will  break  up  on 
being  heated  to  a  moderate  temperature  into  gaseous  oxygen  ' 
and  some  other  substance  which  is  either  liquid  (mercury)  or  ( 
solid  (potassium  chloride)  at  ordinary  temperatures,  and  can  4 
consequently  be  readily  separated  from  the  gaseous  oxygen. 

In  the  case  of  hydrogen,  neither  water  nor  any  other  compouni 
has  these  properties  and,  therefore,  a  different  method  <i  prapan 
tion  is  required.     At  a  fairly  high  temperature,  watw, 
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lartially  decomposed  into  hydrogen  and  oxygen,  but  there 
8  no  practical  method  for  the  mechanical  separation  of  these 
bwo  gases.  However,  if  there  were  present  in  the  heated  steam 
lomething  with  which  the  oxygen  in  the  water  vapor  could 
combine  to  form  a  compound  which  is  either  solid  or  liquid  at 
OT(£nary  temperature,  it  ought  then  to  be  possible  to  separate 
thia  compound  from  the  hydrogen  and  so  get  the  latter  in  the 
pure  Btate. 


Metallic  iron  forms  a  compound  with  oxygen  which  is  solid 
even  at  very  high  temperatures,  and  if  steam  be  passed  over 
findy  divided  iron,  heated  to  redness  in  a  tube  (Fig.  7)  iron 
tnide  and  hydrogen  will  be  formed.  The  iron  oxide  will  remain 
in  the  tube,  while  the  hydrogen,  mixed  with  much  unchanged 
■t«un,  will  pass  on  over.  The  hydrogen  may  be  collected  by 
Qte  displacement  of  water,  as  was  done  with  oxygen,  the  steam 
vloch  accompanies  it  being  condensed  in  the  water  of  the 
pnramatic  trough, 

Hie  place  of  the  iron  may  be  taken  by  several  other  metals. 
Magnesium,  for  example,  may  be  used,  in  which  case  the  tempera- 
tme  may  be  very  much  lower.  In  fact  magnesium  will  rapidly 
■facompoae  boiling  water  if  a  little  of  a  magnesium  salt  is  dissolved 
ntbe  water  to  keep  the  surface  of  the  magnesium  free  from  the 
"mnerium  compound  formed. 
Hetallio  calcium  in  the  form  of  turnings  decomposes  cold 
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water   at   a   convenient  rate,   thus  furnishing   a   ready   ir 
for  the  preparation  of  hydrogen  od  a  small  scale. 

The  metals  sodium  and  potassium  act  upon  water  so  rigoro 
even  at  ordinary  temperatures,  that  only  very  small  quan 
of  the  metals  can  be  brought  in  contact  with  water  wit 
giving  rise  to  dangerous  explosions.  These  methods  cc 
essentially  in  :c      lound  of  hydrogen,  water, 

some  other  elp  lOi,    inea  with  the  rest  of  the 

pound   other  i    and    leaves    the   hydrogen 


These  arc  ex  an 
for  the  prepari 

In  each  of  t. 
result  from  the 
the  metal  and 
some  hydroRcn  im 

Preparation  from  Acids.- 


1  1  !  most  commonly  used  met 
!E  mta  from  their  compound 
tn  and  a  non-gaseous  subsl 
QOn-gaaeous  substance  con 
addition  it  sometimes  con 
ter. 

-As  has  been  stated  above,  h; 


gen  is  present  in  all  acids.     As  examples  of  acids  may  be 


Fia.  8. 

tioned  sulfuric,  hydrochloric,  acetic  acids,  etc.  When 
are  mixed  with  water  and  brought  in  contact  with  many  m< 
hydrogen  is  given  off,  and  each  metal  forms  a  compound  wit 
rest  of  each  acid.  The  hydrogen  in  each  case  comes  from  thi 
and  not  from  the  water.  Although  most  metals  and  acidi 
work  in  this  way,  in  some  cases  the  action  may  be  violei 
others  extremely  slow.  Metallic  zinc  with  either  dilute  su 
or  hydrochloric  acid  works  very  regularly  and  at  a  conve 
rate,  hence  these  substances  are  largely  used  in  the  labor 
for  the  preparation  of  hydrogen  (Fig.  8). 
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irc^en  is  similarly  prepared  on  a  commercial  scale  or  for 
balloons  by  the  action  of  sulfuric  acid  on  iron,  but  the 
ways  contains  some  carbon,  and  the  hydrogen  obtained  in 
laimer  is  contaminated  with  compounds  of  hydrogen  and 
1. 

:tTol7tic  Preparation. — When  two  pieces  of  platinum,  a 
which  is  very  resistant  to  chemical  action,  are  placed  in 
containing  a  little  sulfuric  acid,  and  connected  to  a  suitable 
!  of  electricity,  a  current  of  electricity  passes  through  the 
Hulfimc  acid  from  one  piece  of  platinum  to  the  other.  At 
jne  time,  free  oxygen  appears  at  one  of  the  platinum  plates 
ree  hydrogen  at  the  other.  The  process  is  really  quite  com- 
but  since  the  water  gradually  disappears  and  hydrogen  and 
in  appear  in  the  proportion  in  which  they  will  form  water, 
the  quantity  of  sulfuric  acid  in  the  solution  is  unaltered,  it 
nts  to  the  decomposition  of  water  at  the  expense  of  electrical 
y.  Here  water  is  decomposed  with  the  absorption  of 
ical  energy  very  much  as  mercuric  oxide  is  decomposed  at 
temperatiu'e  with  the  absorption  of  heat,  which  it  will  be 
nbered  is  a  form  of  enei^.  Since  the  hydrogen  and  the 
ia  are  given  off  at  different  points,  it  is  an  easy  matter  to 
t  each  separately.  One  of  the  methods  for  the  commercial 
ration  of  hydrogen  is  based  upon  this  principle  using, 
ver,  plates  of  lead  instead  of  the  very  expensive  platinum, 
ation  of  sodium  hydroxide  may  be  used  instead  of  the  sul- 
acid,  but  in  this  case  the  metal  plates  should  be  of  iron  or 
1. 

iflcation  of  the  Hydrogen. — The  hydrogen  prepared  by  the 
)ds  outlined  above  always  contains  water  vapor,  and  usually 
nmds  of  hydrogen  and  carbon  from  the  carbon  contained 
)  metal.  The  hydrocarbons  may  be  largely  removed  by 
ig  the  gas  through  a  solution  of  potassium  permanganate, 
nove  the  water  vapor,  advantage  is  taken  of  the  fact  that 
are  several  substances  which  vigorously  retain  water  while 
;  no  action  upon  hydrogen.  One  of  the  most  convenient 
se  is  granulated  calcium  chloride.  This  is  a  white,  very 
icopic  substance  which  is  formed  as  a  waste  product  in 
chemicsl  operations  and  is  therefore  cheap.  The  calcium 
le   is  usually  placed  in  a  tube  through  which  the  gas  is 
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passed.    The  column  of  calcium  chloride  should  be  as  long  w 
convenient  and  held  in  place  by  plugs  of  cotton  wool  (Fig.  8), 

Concentrated  sulfuric  acid  is  a  far  more  efiBcient  drying  ageat 
than  calcium  chloride  and  ia  largely  used.  Since  this  ia  a  liquid 
it  ia  either  placed  in  a  suitable  container  and  the  gas  bubbled 

through  it,  or  it  is  t," '  ^ 'ce  stone  and  packed  in  dry* 

ing  tubes  or  towers. 

Physical  Properti<  las  no  tast«  or  color.    The 

pure  gas  has  no  odi  lared  by  the  action  of  acids 

upon  metals  usuall  able  odor  due  to  the  com-  • 

pounds  of  carbon  i  hich  have  been  mentioned  1 

above.    After  the  g  saed  through  a  solution  of  J 

potassium  permangj  ir  purified  that  it  loses  the 

greater  part  if  not  a.  J 

Its  density  ia  smaller  than  that  of  any  other  known  substance,  | 
being  0.00008986  grm.  per  cubic  centimeter  under  standard  con-  ' 
ditions.     This  ia  perhaps  the  most  important  physical  property 
of  hydrogen,  since  upon  it  depends  its  use  in  balloons.     The  den- 
sity of  pure  dry  air  under  standard  conditions  is  0.001293  grm. 
per  cubic  centimeter  or  0.0012031  grm.  per  cubic   centimeter 
more  than   the   density   of  hydrogen,    consequently    1   c.c.  oE 
hydrogen  under  standard  conditions  will  have  an  upward  flota- 
tion of  0.0012031  grm.  when  surrounded  by  air  under  the  sam^ 
conditions. 

The  extreme  levity  of  hydrc^en  may  be  easily  shown  by  fin- 
ing a  small  rubber  balloon  with  the  gas  when  it  will  float  in  Ul^ 
air  and  exert  a  lifting  power  of  something  like  a  gram  per  littK" 
Or  soap  bubbles  may  be  blown  with  the  gas,  and  these  upon  bootf 
detached  from  the  pipe  will  rise  rapidly. 

Another  way  to  demonstrate  this  same  property  is  to  fiU  tw^ 
cylinders  with  hydrogen  and  hold  one  of  them  mouth  upward  an^ 
the  other  mouth  downward.  After  a  few  minutes  bring  a  flam-  - 
to  the  mouth  of  each  jar.  It  will  be  found  that  the  one  with  th»- 
mouth  upward  contains  only  air,  while  the  one  with  the  mouttf 
downward  still  contains  hydrogen  since  the  gas  bums. 

Diffusion. — Because  of  the  very  great  difference  in  density 
between  hydrogen  and  air  one  would  expect  that  if  two  cylinder'' 
were  brought  together  mouth  to  mouth  (Fig.  Qa)  the  upper  on  -^ 
filled  with  hydrogen  and  the  lower  one  with  air,  that  the  gase^ 
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would  remain  unmixed.  But  if  they  are  left  in  this  position  for 
a  few  hours  it  will  be  found  that  both  cylinders  contain  hydr<^en 
and  air.  If  the  cylinders  are  of  the  same  size  and  have  been  left 
in  position  for  a  sufficient  length  of  time,  the  upper  cylinder  will 
contain  as  much  air  as  the  lower,  and  the  lower  will  contain  as 
much  hydrogen  as  the  upper.  This 
spontaneous  mixing  of  one  gas  with 
another,  even  against  the  action  of 
gravity,  is  an  example  of  the  phenome- 
non called  diffusion. 

All  gases  diffuse  into  one  another  and 
the  process  goes  on  until  each  gas  is  ^— [|  ) 
uniformly  distributed  through  the  entire 
space.  If  the  pressure  of  each  gas  be 
mesBured  separately,  it  will  be  found 
that  diffusion  continues  until  the  pres- 
sure of  any  given  gas  is  the  same  in  all 
parte  of  the  space;  and  further,  it  will 
be  found  that  the  pressure  exerted  by  Pjq  9 

each  gas  is  the  same  as  that  which  the 

^Ten  mass  of  the  gas  would  have  exerted  if  it  alone  were 
(Kcupying  the  entire  space.  This  pressure  is  called  its  partial 
pnssure.  The  total  pressure  of  a  gaseous  mixture  is  the  sum 
^  all  the  partial  pressures  of  its  component  gases.  The  volume 
i  *^  each  gas  is  the  total  volume  of  the  space  occupied  by  the  entire 
[      Saseous  mixture. 

j  The  law  which  describes  these  pheDomena  is  known  as  Dalton's 
[  ^*  of  partial  pressures,  and  may  be  stated  as  follows:  Each 
W»,iii  a  gaseous  mixture,  pervades  the  entire  space  occupied  by  the 
'^iature  and  exerts  a  pressure  eiptal  to  that  which  it  would  give  if 
I'  Vere  the  only  gas  present;  and  the  total  pressure  of  the  mixture 
'*  IA«  gum  of  these  partial  pressures  of  the  comporient  gases. 

llus'law  may  be  expressed  in  symbols  by  representing  the 
*otal  volume  by  V,  and  that  of  the  separate  gases  by  vi,  vi, 
y*  ■  ■  ■  and  the  total  pressure  by  P,  and  the  partial  pressures 
^y  Pi,  Pii  P»,  ■    ■    ■  tlien, 


^d 


Vi  =  Vj  =  v»  =  V 
Pi  +  Pj  +  P»  =  P 
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While  any  gas  will  diffuse  into  any  other  gas  no  matter  whd 
the  difference  in  density  may  be,  there  is  often  a  great  differena 
in  the  velocity  with  which  the  diffusion  takes  place.  Fol 
example,  in  the  case  of  the  hydrogen  and  air  cited  above,  th( 
hydrogen  diffuses  downward  more  rapidly  than  the  air  diffusa 
upward.  In  fact  in  all  cases  the  less  dense  gas  will  diffuse  more 
rapi'dly  than  the  dense 

Something  very  nea  nay  be  demonstrated  i 

tatively  by  closing  a  ■  7\^,.   9b)  such   as  is  used  in 

electric  batteries,  wit  ng  a  glass  tube,  and  support- 

ing the  whole  arrangf  way  that  the  glass  tube  dips 

into  water.     3f  a  cyln  g  hydrogen  be  brought  over 

the  porous  cell,  bubblei  begin  to  pass  out  from  the 

glass  tube.     This  action  i  and  if  the  jar  of  hydrogen 

be  removed  the  water  >  u^^...  to  ascend  the  tube.  Both 
effects  are  due  to  the  fact  that  the  hydrogen  being  less  dense  will 
pass  through  the  porous  cell  more  rapidly  than  the  air,  produc- 
ing in  the  first  case,  some  little  pressure  within  the  cell,  and 
after  the  removal  of  the  cylinder,  the  hydrogen  passes  out  so 
much  more  rapidly  than  the  air  can  enter  that  a  partial  vacuum 
results  and  the  water  rises. 

The  relation  between  the  velocity  of  diffusion  and  the  density 
is  that  the  VL'locities  of  diffusion  vary  inversely  as  the  square 
root  of  the  densities  of  the  gases. 

Representing  the  velocities  of  diffusion  by  ci  and  Ca  and  tht 
density  by  di  and  dj  this  relation  may  be  expressed  by  the 
equation 

Ci/c»  -  \/d»/V'di 

Hydrogen  and  the  Gas  Laws. — The  gas  laws  which  wert^ 
developed  under  oxygen  describe  very  accurately  the  behavio 
of  hydrogen  under  ordinary  conditions;  in  fact,  hydrogen  follow 
them  more  closely  than  almost  any  other  known  gaa.  At  ver. 
high  pressures,  however,  it  is  found  that  hydrogen  does  not 
decrease  in  volume  as  rapidly  as  it  ought  according  to  Boyle's 
law.  The  discrepancy  becomes  greater  as  the  pressure  is  in- 
creased. Other  gases  at  ordinary  temperatures  are  usually 
more  compressible  at  a  moderate  pressure  than  they  should  be 
from  Boyle's  law,  and  then   at  higher   pressures  they_  behave 
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lydrc^en  and  become  less  compressible.     At  higher  tempera- 

I  many  of  them  act  like  hydrogen  and  are  less  compressible 

the  start  than  they  should  be  from  Boyle's  law.    At 

low  temperatures  hydrogen  changes  its  behavior  and  is 

more  and  then  less  compressible  than  it  should  be,  thus 
.ving  like  the  other  gases. 

quid  Hydrogen. — Hydrogen  cannot  be  liquefied  by  any 
sure,  however  great,  at  ordinary  temperatures,  but  must 

be  cooled  to  its  critical  temperature,  — 242''C.,  when  it  will 
;fy  under  a  pressure  of  13  atmospheres.  Its  boiling-point 
3r  atmospheric  pressure  is  about  — 252.5''C.  or  only  20.5''A. 
reducing  the  pressure  to  5  cm.  of  mercury  the  temperature 

to  about  14''A.  or  — 259''C.     At  this  temperature  hydrogen 

transparent  solid.  Liquid  hydrogen  ia  colorless  and  has  a 
tity  at  its  boiling-point  of  only  0.07.     It  ia  used  to  get  very 

temperatures,  since  substances  placed  in  it  will  be  very 
kly  cooled  to  the  boiUng-point  of  hydrogen.  At  this  tem- 
,ture  all  other  Uquids  and  all  other  gases  except  helium 
tme  solids. 

}Ud  Hydrogen. — Solid  hydrogen  is  a  transparent  ice-like 
itance  with  a  melting-point  of  —  258''C.  Ita  density  is  0.076. 
bsorption  of  Hydrogen  by  Metals. — Hydrogen  is  absorbed  in 
reciable  quantities  by  many  metals,  but  especially  by  the 
metal  palladium.     Under  favorable  conditions,  palladium 

take  up  900  times  its  own  volume  of  hydrogen,  considerable 
;  being  evolved  during  the  procees.  This  hydrogen  will 
ttically  all  be  given  up  in  a  vacuum  at  ordinary  temperatures 
t.  may  be  driven  off  at  atmospheric  pressure  by  warming  the 
adium. 

be  absorbed  hydrogen  does  not  enter  into  a  chemical  com- 
nd  with  the  palladium  but  forms  a  solid  solution, 
pectnun  of  Hydrogen. — When  an  electric  dischai^e  is  passed 
lugh  hydrogen  under  a  pressure  of  a  few  tenths  of  a  centimeter 
aercury,  the  hydrogen  glows  and  gives  out  light.  This  light 
ears  rose  red  to  the  eye,  but  when  it  is  examined  with  a 
ttroscope  (Fig.  10),  a  very  large  number  of  lines  are  seen 
.tered  all  along  from  the  red  to  the  violet  end  of  the  spectrum. 
;re  are,  however,  four  lines,  red,  green,  blue  and  violet,  which 

much  stronger  than  the  others.     Other  gases  under  similar 
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conditions  will  give  spectra  but  no  other  gas  will  give  linea  i 
precisely  the  same  poaition  in  the  spectrum  as  the  hydroge 
lines.  These  same  lines  will  appear  when  hydrogen  is  caused  I 
glow  in  any  other  way  and  their  appearance  is  not  prevented  i 
the  presence  of  other  subatances.  Hence  an  examination  of  tl 
spectrum  is  the  surest  means  for  the  identification  of  hydr 
gen.  These  eair-  '■ —  —  c^.>^a  ;□  the  spectra  of  many  of  tl 
stars,  and  we  may  safely  ss 
that  hydrogen  is  present  < 
them  as  well  as  upon  the  earl 
^  (see  Frontispiece). 

The  light  from  the  sun  an 
many  of  the  stars  shows  dat 
linea   at    exactly    the    poim 
where  the  hydrogen  lines  m 
Fio.  10.  bright.     As  will  be  explainei 

p.  293,  these  dark  lines  are  du 
to  hydrogen,  and  prove  the  presipnce  of  this  eh'iiH^iit  juat  s 
certainly  as  the  bright  lines.  Therefore  the  spectroscope  sboii 
us  that  hydrogen  is  very  widely  distributed  throughout  ou 
universe.  In  much  the  same  way  it  has  been  established  the 
a  large  number  of  the  elements  known  to  us  here  are  also  pro 
ent  in  the  sun  and  stars. 

Chemical  Properties  of  Hydrogen. — The  most  marked  propert 
of  oxygen  is  that  it  will  support  combustion  vigorously.  Hydrt 
gen  on  the  other  hand  will  burn  but  not  support  the  combustia 
of  things  which  will  burn  in  the  air.  This  may  be  readij 
shown  by  bringing  a  lighted  candle  to  the  mouth  of  an  inverte 
cylinder  filled  with  hydrogen.  The  gas  will  take  fire  with 
slight  explosion  and  burn  with  an  almost  invisible  flame  at  tt 
mouth  of  the  cylinder.  Pass  the  candle  up  into  the  hydroge 
and  it  will  go  out.  Withdraw  the  candle  slowly,  and  as  tl 
wick  passes  through  the  Same  of  the  burning  hydrogen  it  wi 
be  relighted. 

From  what  we  have  learned  of  combustion  in  studying  oxygei 
we  would  draw  the  conclusion,  correctly,  that  hydrogen  wi 
combine  with  oxygen.  It  will  also  enter  into  combination  wit 
a  large  number  of  the  other  elements — notably  with  chlorin 
sulfur,  nitrogen,  and  carbon.     The  conditions  under  which  tl 
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combination  will  take  place,  and  the  substances  formed  will  be 
discuBBed  in  connection  with  the  several  elements. 

A  small  stream  of  hydrogen  issuing  from  a  jet  of  platinum,  or 
other  difficultly  fusible  metal,  burns  quietly  in  the  air  with  an  in- 
tensely hot  flame  which  is  almost  invisible.  If  the  jet  is  made  of 
glass  the  hydrogen  flame  will  be  colored  yellow  from  the  sodium  of 
the  glass.  Water  is  produced  by  the  burning  of  hydrogen,  as  may 
be  shown  by  holding  a  glass  cylinder  over  the  flame.  A  dew  at 
ODce  appears  on  the  glass  which  has  all  the  properties  of  water  and 
consequently  is  water.  If  all  the  water  formed  by  the  burning  of 
a  given  quantity  of  hydrogen  be  collected  and  weighed,  it  will  be 
found  to  weigh  much  more  than  the  hydrogen  itself,  and  therefore 
itfollowB  that  water  is  a  compound  of  hydrogen  with  one  or  more 
ol  the  constituents  of  the  air. 

If  the  air  be  replaced  by  pure  oxygen  it  will  be  found  that  the 
hydrogen  will  burn  even  more  vigorously  and  water  will  be  pro- 
duced as  before.  Hence  we  must  conclude  that  water  is  a  com- 
pound of  hydrogen  and  oxygen  and  nothing  else,  a  conclusion 
which  is  confirmed  by  the  fact  that  the  weight  of  the  water 
fonned  is  equal  to  the  sum  of  the  weights  of  the  oxygen  and 
hydrogen  transformed. 

Hydrogen  and  oxygen  may  be  mixed  at  ordinary  temperatures 
and  DO  perceptible  combustion  will  take  place,  but  if  the  mixture 
be  broi^t  in  contact  with  a  flame  or  heated  at  any  point  to  a 
tenperature  of  about  500"  to  CWC.  a  combination  will  take 
I^  very  rapidly,  and  a  flame  will  spread  throughout  the  mix- 
ture almost  instantaneously.  The  result  Ib  a  rather  powerful 
explodoQ  due  to  the  sudden  expansion  of  the  gases  by  the  heat 
evt^Ted  during  the  rapid  burning  of  the  hydrogen.  Because  of 
>ta  eiploeiveoess,  a  mixture  of  hydrogen  and  oxygen  in  the  pro- 
portion for  the  formation  of  water,  i.e.,  two  volumes  of  hydrogen 
to  one  volume  of  oxygen,  is  called  detonating  gas.  This  detonat- 
ing gas  must  be  very  carefully  kept  away  from  flames  or  in- 
candescent bodies. 

Because  of  the  oxygen  in  the  air  a  mixture  of  hydrogen  and 
air  in  proper  proportions  is  decidedly  explosive.  On  this  account 
bydrogen  from  a  gas  holder  or  from  a  generator  should  never  be 
lifted  until  it  has  been  tested  and  found  to  be  pure.  This  may 
be  done  by  collecting  the  escaping  gas  in  an  inverted  test  tube 
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and  bringing  it  in  contact  with  a  flame  which  is  kept  at  a  diatance 
of  several  feet  from  the  hydrogen  apparatus.  At  first  the 
in  the  tube  will  behave  like  air,  but  soon  it  will  take  fire,  and  the 
flame  will  rush  up  the  test  tube  with  a  whistling  noise.  As  the 
trials  are  repealed  and  the  gas  becomes  more  nearly  pure  hydro- 
gen, the  explosions  in  the  test  tube  first  become  stronger  and  then 
weaker  until  at  last  urns  quietly  at  the  mouth  (rf 

the  test  tube  for  a  s\  time  so  that  a  flame  may  ba 

carried  back  in  this  '  i,       mer  to  the  hydrogen  appara- 

tus and  ignite  the  e-s  s.       bis  method  of  lighting  a  jel 

of  hydrogen  is  perfc  i.ii>>'  i    long  as  the  gas  in  the  appaiSr 

tus  is  explosive  the  .  place  the  instant  tlie  moutii 

of  the  test  tube  is  br  .       imc,  and  no  &re  is  left  in  ths 

tube  to  ignite  the  jet  uf  n  of  the  tube. 

Oxy-hydrogen  Blowpip..  auj  important  applications  ban 
been  found  for  the  very  high  temperature  produced  by  hydrogen] 
burning  in  oxygen.  Because  of  the  dangerously  explosive  char- 
acter of  a  mixture  of  these  gases  it  is  of  course  out  of  the  ques- 
tion to  mix  them  in  one  gas  holder  and  burn  the  mixture.  Tha 
gases  must  then  be  stored  separately 
and  burned  from  a  special  burner  calle« 
the  oxy-hydrogen  blowpipe  (Fig.  11— 
whicli  is  so  arranged  that  the  gases  B,cr 
conveyed  to  the  burner  in  separafc 
Pj^j  ^^     '  tubes  and  mixed  just  before  they  rew^ 

the  orifice  of  the  burner.  In  this  w^; 
a  flame  may  be  produced  whose  temperature  is  somethio- 
like  2,500''C.  In  this  flame  silver  boils,  iron  burns,  and  ev^*' 
platinum  melts.  If  the  flame  be  brought  in  contact  with  ' 
piece  of  lime  the  latter  becomes  intensely  heated  and  pr<* 
duces  an  exceedingly  bright  light  known  as  the  calcium  li^'tj 
or  lime  light,  and  has  often  been  used  as  a  source  of  light  for  tb^ 
stereopticon,  but  is  now  generally  replaced  by  the  electric  »rff 
or  the  nitrogen  filled  tungsten  lamps.  The  oxy-hydrogen  blow- 
pipe is  largely  used  in  the  autogenous  welding  of  metai>, 
especially  of  lead. 

Fonnation  of  Water  from  Hydrogen  and  Oxygen  Conqtounds.— 
If  hydrogen  be  passed  over  mercuric  oxide  at  ordinary  tem- 
peratures no  perceptible  action  takes  place,  but  if  the  oxide  be 
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gently  warmed  taking  care  that  the  temperature  does  not  rise 
high  enough  to  bring  about  its  decomposition,  water  and  metallic 
mercury  will  be  rapidly  formed.  Hydrogen  and  iron  oxide 
heated  to  a  somewhat  higher  temperature  will  yield  water  and 
metallic  iron.  If  tin  oxide  is  used,  metallic  tin  and  water 
will  be  formed.  Many  other  oxides  will  react  in  the  same  way 
with  hydrogen  so  that  we  have  here  a  rather  general  method  for 
the  laboratory  preparation  of  a  metal  from  its  oxide. 

A  very  natural  inference  to  draw  from  these  facts  is  that 

the  hydrogen  has  a  stronger  attraction  for  the  oxygen  than 

the  metal  has,  and  so  robs  the  latter  of  its  oxygen.    This 

conception  has  often  been  used,  and  the  attraction  is  called 

chemical  affinity.     That  this  conception  is  inadequate  is  shown 

by  the  following  case.     Iron  oxide  and  hydrogen  will  react  at  a 

somewhat  elevated  temperature  for  the  formation  of  water  vapor 

and  metallic  iron.     And  the  explanation  of  this  in  terms  of  the 

above  conception  would  be  that  the  hydrogen  had  a  greater 

>ffiiuty  for  the  oxygen  than  the  iron  had.     But  as  was  mentioned 

on  P-  33,  if  water  vapor  be  passed  over  metaUic  iron  heated  to 

^  Hune  temperature  used  in  the  above  case,  hydrogen  and  iron 

oxide  will  be  formed.     The  explanation  of  this  would  be  that  the 

)        iron  had  a  greater  affinity  for  the  oxygen  than  the  hydrogen  had 

i       ind  80  robbed  the  water  of  its  oxygen.     The  action  in  the  one 

case  ig  just  the  reverse  of  that  in  the  other  and  of  course  it  cannot 

be  tiiat  the  iron  has  both  a  greater  and  a  less  affinity  for  oxygen 

than  hydrogen  has.     Nor  can  the  reversal  be  due  to  change  in 

■ffinity  due  to  the  difference  in  temperature  because  the  reactions 

')oth  take  place  at  the  same  temperature.    From  this  it  can  be 

■^  at  once  that  the  explanation  must  be  either  abandoned  or 

modified. 

Such  actions  as  these  we  have  just  been  discussing  are  called  re- 
wned  or  reversible  reactions  and  are  very  common  in  chemistry. 
In  fact  they  are  more  commonly  met  with  than  the  irreversible 
Ractions  or  those  which  go  only  in  one  direction.  A  careful 
study  of  these  reactions  is  desirable  because  of  their  frequent 
occurrence,  and  also  the  ease  with  which  they  may  be  controlled 
when  once  imderstood. 

Probably  the  best  way  to  obtain  an  understanding  of  re- 
versible reactions  is  to  consider  them  as  being  composed  of 
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substance  mert- ly  by  its  presence  increasing  the  rate  at  which  s 
reaction  takes  place.  (See  case  of  manganese  dioxide  and 
potassium  chlorate,  p.  17.)  Some  other  metals  have  the  same 
property  although  to  a  smaller  degree  than  platinum  and  it  is 
very  common  to  fintl  that  the  rate  of  a  reaction  is  greatly  altered 
by  the  presence  of  a  substance  which  is  not  changed  by  the 
reaction.     We  call  i  ind  catalytic  actions.     The 

substance  through  wh  b  rate  of  action  is  altered  is 

called  a  catalyzer,  an^  ess  is  spoken  of  as  catalysis. 

Some  catalyzers  a  les  in  this  case  and  increase 

the  rate  of  reaction ;  jositive  catalyzers.     Othere 

decrease  the  rate  of  ri  nown  as  negative  catalyzers- 

Catalyzers  simply  al  which  a  reaction  is  taking  ( 

place  and  cannot  brinf^  ich  is  not  already  going  on. 

Cases  of  catalysis  are  ^.  n.^    ;nt  occurrence  and  will 

often  mentioned  in  the  course  of  this  work. 


on.  J 
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CHAPTER  V 


WATER 

'ater  is  one  of  the  most  important  as  well  as  one  of  the  moat 
Jy  distributed  substances  in  nature.  Some  idea  of  its 
idance  may  be  gathered  from  the  fact  that  the  ocean  con- 
3  about  300,000,000  cubic  miles  of  water  and  each  cubic 
weighs  over  4,000,000,000  tons.  Liquid  water  cover& 
)er  cent,  of  the  earth's  surface;  the  atmosphere  contains 
mous  quantities  of  water  in  the  gaseoiu  state,  and  the  polar 
>ns  and  the  tops  of  lofty  moimtains  are  covered  with  solid 
;r  or  ice.  The  crust  of  the  earth  is  everywhere  permeated 
rater,  and  all  living  organisms,  both  plants  and  animals, 


Fra  13. 

ain  water  as  an  absolutely  essential  portion  of  their  stnic- 
The  human  body  contains  about  70  per  cent,  and  the 
nary  foods  from  35  to  95  per  cent,  water. 
'ater  is  a  very  good  and  general  solvent  and  takes  up  more 
em  of  nearly  everything  with  which  it  comes  in  contact. 
«r  is  usually  purified  by  the  process  of  distillation  which 
asta  in  beating  the  water  until  it  boils  and  is  converted  into 
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vapor  and  then,  in  a  eeparnte  vessel  (Fig.  13),  cooling  the  vapor 
and  reconverting  it  into  water.  Most  of  the  substances  present 
in  the  impure  water  are  much  less  easily  vaporized  than  waterand 
are  left  behind  when  the  latter  is  boiled.  Some  impurities,  smt 
as  ammonia  and  carbon  dioxide,  are  more  volatile  than  water  W 
pass  over  with  the  first  nortions  of  the  vapor.  By  rejecting  tlw 
first  part  of  the  dis'  pure  water  may  be  obtainei 

Absolutely  pure  wa  spared  because  it  must  coiM 

in  contact  with  a  \  kind,  and  it  will  inevitably 

dissolve  some  of  tb'  endering  the  water  impure. 

Stills  and  condensi  or  pure  block  tin  are  lesrt 

attacked  and  give 

For  drinking  pi  lived   impurities   in   natural 

fresh  waters  are  not  as  the  bacteria  which  they 

carry.  Since  the  latter  u.^  in  smpension  and  not  in  solution, 
they  may  be  removed  by  very  fine-pored  filters,  and  in  a  sen* 
the  water  is  thereby  purified.  The  same  result  may  be  obtained 
by  killing  the  bacteria  by  ozone  (see  p.  30),  or  by  bleaching 
powder  (sec  p.  129),  or  by  boiling. 

Physical  Properties  of  Water. — It  is  at  ordinary  temperature 
a  transparent,  almost  colorless  liquid  with  a  faint  bluish  tint 
which  becomes  apparent  upon  looking  through  a  thick  layet 
of  water.     This  color  can  be  seen  in  clear  lakes  and  in  the  ocean. 

Most  substances  increase  in  volume  more  or  less  regularly- 
with  rising  temperature,  but  water  is  a  decided  exception. 
If  one  starts  from  0°C.  and  warms  the  water  its  volume  wiB 
decrease  until  a  temperature  of  4''C.  is  reached,  and  then  with 
rising  temperature  the  volume  increases.  Since  the  density  of 
a  substance  varies  inversely  as  its  volume,  the  temperature  of 
maximum  density  of  water  is  4°C. 

The  following  table  gives  some  of  the  values  for  the  density 
of  water  at  different  temperatures: 


Dendly 

Denaity 

0'  c. 
4"  C. 

10°  c. 

20°  C. 

0.99087 

1.0000 
0.90973 
0.99823 

40°  C. 
60°  C. 

80°  C. 
100°  c. 

0.99224 
0.98324 
0.97183 
0.95838 
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ce. — At  a  temperature  of  0°C.  water  changes  from  the  liquid 
the  sohd  state  and  is  then  known  as  ice.  This  change  ia  on 
\  border  hne  between  physical  and  chemical  changes;  so 
ny  of  the  properties  of  ice  are  different  from  those  of  water, 

will  be  seen  from  what  follows,  that  it  may  properly  be 
nsidered  a  chemical  change,  and  yet  the  transformation  back 
d  forth  takes  place  so  easily  that  many  regard  this  as  a 
lymcal  change. 

Proiieities  d  Ice. — Ice  is  a  transparent  solid  of  a  faint  bluish 
iloT  which  is  seen  only  in  large  masses  such  aa  icebergs  or 
Aders.  It  is  such  a  poor  conductor  of  electricity  that  it 
ecomes  electrified  when  rubbed.    Ice  is  almost  twice  as  good 

conductor  of  heat  as  water,  but  even  then  it  ia  a  very  poor 
onductor. 

The  density  of  ice  at  O'C.  is  0.91674,  which  is  much  smaller 
ita  that  of  water  at  the  same  temperature  which  is  0.99987. 
rhi*  means  that  on  freezing  water  increases  nearly  one-eleventh 
0  Tolume,  and  also  that  ice  will  float  on  water.  In  these 
'npects  water  is  somewhat  unusual,  since  most  substances 
Jctrease  in  volume  upon  soUdification,  and  the  solid  sinks  in 
(be  liquid. 

In  all  climates  where  freezing  and  thawing  take  place,  the 
peat  increase  in  volume  when  the  water  passes  into  ice  has 
pltyed  a  very  important  part  in  the  disintegration  of  rocks. 
VRkcn  the  rain  falls  upon  the  rocks  it  fills  even  the  small  cracks. 
^pOD  freezing  the  increase  in  volume  forces  the  crack  to  widen. 
^f^  the  ice  melts  the  water  runs  down  in  the  crack,  and  upon 
nenng  spreads  the  pieces  of  rock  still  farther  apart  until 
twntly  the  rock  is  split  up  under  the  repeated  action  of  the 
leeiing  and  thawing  of  the  water.  The  bursting  of  water  pipes 
rtien  the  water  in  them  freezes,  and  the  loosening  of  the  soil 
n  the  winter  time  are  due  to  this  same  cause. 

Ice  is  a  crystalline  substance,  and  crystals  may  be  defined  as 
wdies  many  of  whose  properties  vary  with  the  direction  in 
^di  they  are  measured.  As  a  result  of  this  variation  a 
^TBtalline  substance  tends,  when  it  takes  on  the  solid  state, 
0  form  bodies  whose  limiting  surfaces  meet  at  perfectly  defi- 
lite  angles,  and  so  build  up  regular  polyhedral  forms.  All  other 
ibymeal  properties  which  can  possibly  do  so  vary  with  the 
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direction  in  whicli  they  are  measured.  Borne  of  these  proper 
ties  are  conductivity  for  heat  and  electricity,  velocity  of  ligbt 
elasticity,  etc. 

Those  solids  which  are  not  crystalline  are  called  amorpbom 
substances,  and  glass  is  a  good  example  of  such  a  substance.  All 
the  properties  of  glass  are  the  same  in  every  direction.  Tlu 
propertj'  of  forming  (  r  common  among  pure  boW 

substances,  while  mo  ubstances  are  mixtures. 

Well-foriiied   crysta..  '    on   the  surface  of  water, 

but  the  best  are  founi  iw  because  they  have 

formed  in  the  air  with  i  itcrfere.     The  snow  crystall 

usually  appear  as  six-poim 

Water  in  contact  with  t  be  cooled  below  O^C.  nor 

warmed  above  this  tempei^  t  so  long  as  there  is  present 

an  intimale  mixture  of  ice  a ter  the  temperature  is  O'C. 

For  this  reason  the  ice  point  is  generally  used  for  a  standard 
temperature 

In  the  absence  of  ice,  water  may  be  cooled  a  number  of  degrees 
below  zero  without  freezing.  In  this  condition  it  is  said  to  be 
supercooled.  It  is  interesting  to  note  that  while  water  is  cooling 
down  from  0°  it  continues  to  expand  just  as  it  does  from  4°  to  0°. 
In  fact  there  is  no  sudden  change  in  the  properties  of  water  at  0* 
except  that  at  that  temperature  it  becomes  possible  for  ice  to 
exist  which  it  cannot  do  at  higher  temperatures.  Water  which 
has  been  cooled  to  a  few  degrees  below  zero  is  stable  toward  aQ 
kinds  of  changes  except  the  introduction  of  ice.  Let  the  veiy 
smallest  piece  of  ice  come  in  contact  with  the  water  and  freeilng 
at  once  etarts  and  the  temperature  rises  to  O^C. 

If  a  test  tube  partially  filled  with  ordinary  distilled  water  be 
supported  in  a  freezing  mixture  of  ice  and  salt  in  such  a  manner 
that  the  surface  of  the  water  in  the  tube  is  a  centimeter  or  so 
above  the  surface  of  the  freezmg  mixture,  the  wat«r  will  supe^, 
cool  several  degrees.  By  taking  elaborate  precautions  wa1 
has  been  yupercooled  to  —  15°C. 

Heat  of  Fusion.-— Whenever  any  liquid  substance  eoli 
heat  is  evolved;  and  conversely  when  a  solid  melts  heat  u 
sorbed.     The  heat  absorbed  during  the  melting  of  1  grm. 
solid  without  raising  its  temperature  is  called  the  heat  of^ 
of  that  solid.    That  evolved  during  the  freezing  of  unit  a 
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substance  is  called  the  beat  of  Bolidification.  '^^^eae  heats  are 
equal  numerical  value  and  are  both  often  called  the  heat  of 
ion.  Ice  behaves  like  all  other  solidB  in  these  respects  and  is 
ly  noteworthy  because  its  heat  of  fusion  is  greater  than  that  of 
y  other  substance  except  ammonia. 

Measurement  of  Heat. — A  quantity  of  heat  is  measured  by 
^termining  the  change  in  temperature  which  it  will  produce  in  a 
lown  weight  of  water;  the  heat  capacity  of  the  water,  i.e., 
>e  number  of  joules  required  to  raise  the  temperature  of  1 
rm.  of  water  1°,  having  been  carefully  determined.  The  heat 
ipacity  is  also  known  as  the  specific  heat  and  varies  somewhat 
ith  the  temperature.  Another  unit  is  that  quantity  of  heat 
'faich  raises  the  temperature  of  1  grm.  of  water  VC  This  is 
ailed  the  small  calorie  (abbreviated  "cal.")-  Since  the  specific 
<eat  of  water  varies  with  the  temperature,  it  is  necessary  to 
pedfy  the  temperature  of  the  water.  A  larger  and  very  generally 
laed  unit  is  the  large  or  kilogram  calorie.  It  is  the  heat  necessary 
o  rise  the  temperature  of  1  kgm.  of  water  1°C.  It  is  abbreviated 
^  and  equals  1,000  small  calories. 

The  heat  of  fusion  of  ice,  that  is,  the  heat  required  to  melt  I 
pm.  of  ice,  is  334  joules  or  80  cal.  If,  therefore,  80  grm.  of  water 
It  1*  be  mixed  with  1  grm.  of  ice,  81  grm.  of  water  at  0°  will  be 
produced. 

In  technical  work  in  England  and  the  United  States,  another 
unit  for  the  measurement  of  heat  is  in  use.  It  is  known  as  the 
Kitidi  thermal  unit  and  is  abbreviated  B.t.u.  It  is  the 
(IQUthy  of  heat  required  to  raise  the  temperature  of  1  lb.  of 
water  I'P. 

TIh  relation  between  the  small  calorie  and  the  erg  has  been 
CKcfully  worked  out  by  Joule  and  others,  and  a  small  calorie  at 
IS*  it  equal  to  41,880,000  ergs  or  4.188  joules. 

The  fact  that  the  temperature  of  a  mixture  of  ice  and  pure 
•iter  is  always  0°  finds  its  explanation  in  this  heat  of  fusion.  If 
W(  is  applied  to  the  mixture,  instead  of  raising  the  temperature 
Mete  of  the  ice  melts  and  absorbs  the  heat.  If  heat  is  taken 
ntij  from  the  mixture,  instead  of  the  temperature's  faUing 
Mme  of  the  water  freeses  and  supphea  the  heat.  Because  of  the 
conataney  of  this  temperature  ice  finds  many  applications  in 
RHDee.     Because  of  its  cheapness,  its  great  heat  of  fusion,  and 
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its  rather  low  melting-point,  enormous  quantities  of  ice  an 
in  every  day  life  for  the  preservation  of  food  since  the  de 
tive  changes  take  place  much  more  slowly  in  the  food  ( 
by  ice  than  at  ordinary  temperatures.  They  are  like  all 
chemical  changes  in  that  they  are  slowed  down  by  lowerir 
temperature. 

are  brought  together  a  sol 

chich  is  much  lower  than 

e  and  salt  for  freezing  ice  e 

e  to  one  of  salt  a  temperati 

was  taken  by  Fahrenheit  i 

dnt  for  his  thermometer, 

J  salt  may  be  replaced  by 

substances  because  the  frei 

poim  v!  any  solution  is  lower  thar 

of  the  pure  liquid.      Most    Bubst 

will  not  give  as  low  a  temperatu 

salt,  but  a  few  will  give  even  1 

However,  because  of  its  cheapnes 

convenience  salt  is  the  best  to  use. 

use  of  salt  for  the  removal  of  io 

snow  from  sidewalks,  etc.,  depends 

this  same  phenomenon. 

Gaseous  Water. — Both  water  ai 
are  very  easily  transformed  into  ga 
water  which  is  commonly  know 
"b  water  vapor  at  ordinary  and  as  ate; 
higher  temperatures,  although  thi 
no  real  difference  between  tbem. 
bring  about  this  transformation,  al 
is  necessary  is  to  introduce  the  wa 
ice  into  a  vessel  which  it  doet 
entirely  fill.  Under  these  circumst 
the  formation  of  the  gaseous  water  will  begin  at  once  an< 
vapor  will  soon  fill  all  the  space  unoccupied  by  the 
modification.  The  transformation  of  water  or  ice  into  ■ 
vapor  is  called  evaporation.  Water  vapor  is  a  gaseous 
stance  and  its  behavior  is  fairly  well  described  by  thi 
laws.     This  is  particularly  the  case  if  the  pressure  is 
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all  other  gaseous  substances,  it  exerts  a  pressure  upon 
walls  of  the  containing  vessel,  and  experiment  shows 
when  water  is  brought  into  a  space  which  it  does  not  fill, 
oration  takes  place  until  either  all  the  water  has  been 
erted  into  vapor  or  the  pressure  of  the  water  vapor  has 
led  a  certain  definite  limit.  This  limit  varies  with  the 
terature  but  is  always  the  same  at  any  given  temperature, 
is  entirely  independent  of  the  shape  or  size  of  the  vessel 
le  relative  volume  of  the  liquid  or  the  solid  and  the  water 
T.  We  are  dealing  here  then  with  a  state  of  equilibrium 
een  the  water  vapor  and  the  liquid  water  or  the  ice.  The 
ing  pressure  at  which  the  water  vapor  is  in  equilibrium 
the  other  modification  is  called  the  vapor  pressure  of  the 
r,  or  of  ice  as  the  case  may  be.  It  may  be  measured  in  the 
ratus  shown  in  Fig.  14.  The  vertical  distance  from  a  to  & 
ures  the  vapor  pressure. 

e  following  table  gives  the  vapot  pressure  of  water  at 
«Dt  temperatures: 


Vapor  Prbbsobb  o»  Watbr 

?!- 

"S^ 

T«=^«u„ 

Prewm. 

T.mg;„ur. 

Ptl«U« 

In  cm. 

0.46 

25 

2.3S 

70 

23.38 

0.65 

26 

2. SO 

80 

35.65 

0.92 

27 

2.65 

90 

52.60 

1,87 

2g 

2. SI 

05 

63.40 

1.74 

2g 

2.98 

96 

65.77 

1.85 

30 

3.16 

97 

68.21 

1.97 

40 

5,50 

98 

70.73 

2.00 

50 

9.22 

99 

73.32 

2,22 

60 

14.92 

100 

76.00 

am  Dalton's  law  of  partial  pressures  and  the  fact  that  water 
r  is  gaseous,  it  can  be  readily  seen  that  the  vapor  pressure  of 
r  will  be  the  same  whether  the  evaporation  takes  place  in  a 
um  or  into  a  space  filled  with  gases  which  do  not  dissolve 
ly  marked  degree  in  water.  If  the  gases  are  very  soluble 
will  alter  the  water,  and  hence  the  vapor  pressure  of  the 
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When  heat  is  applied  to  water  in  an  open  vesBel,  the  lempra 
ture  of  the  water  gradually  rigee  and  finally  small  bubbles 
gas  appear  in  the  liquid,  rise  to  the  surface  and  burst.  Tha 
small  bubbles  consist  of  the  gases  dissolved  in  the  water  and 
water  vapor.  The  temperature  continues  to  rise  and  the 
small  bubbles  arc  replaced  by  larger  ones  which  consist 
water  vapor  alone.     This  non  is  then  called  boilin  ^ 

After  the  water  has  begun  the  temperature  does  n 

rise. 

A  little  reflection  will  convince  me  that  a  bubble  of  vap 
down  in  the  body  of  the  liq  t  be  under  a  pressure  eqil 

to  that  of  the  atmosphere  pius  due  to  the  column  of  liqtu  jM 

above  it,  and  that  due  to  the  of  surface  tension. 

The  vapor  pressure  of  the  quid  must  be  equal  to  tl 

Neglecting  the  last  two  faeiv,  li  are  usually  small,  we  maj 

say  that  the  hoiling-poinl  of  a  liquid  is  the  lemperature  at  whtc 
the  vapor  pressure  of  the  liquid  is  equal  to  the  atmospheric  preasvn\ 
Since  the  boiling-point  is  the  teraperatmx>  at  which  the  v&potl 
pressure  of  the  liquid  is  equal  to  the  external  pressure,  the  boiling' 
point  will  vary  as  the  pressure  changes,  and  will  rise  as  the  pre*   | 
sure  is  increased.     The  boiling-point  of  water  under  a  pressure  | 
of  one  atmosphere  is  100°C.;  at  two  atmospheres  the  boiling- 
point  is  121°C.;  under  ten  atmospheres  it  is  ISO^C,  and  eon-   i 
tinues  to  rise  up  to  the  critical  point  when  the  boiling-point  d 
water  is  374"  C  under  a  pressure  of  200  atmospheres.     By  lower- 
ing the  pressure,  water  may  be  made  to  boil  at  temperature* 
below  lOO^C.     With  the  aid  of  a  good  water  vacuum  pump, 
water  may  be  made  to  boil  at  temperatures  below  SO^C.     If  the 
pressure  be  reduced  to  less  than  0.4  cm.  of  mercury,  the  boiling- 
point  will  fall  below  the  freezing-point,  and  the  water  will  freeie 
and][boil  at  the  same  time. 

Use  is  often  made  in  the  laboratory  of  the  fact  that  the  tem- 
perature of  water  boiling  in  an  open  vessel,  and  also  the  steam 
from  it  is  nev<?r  far  from  100°C.     For  example  it  is  often  necessary 
to  heat  a  substance  to  about  100°C.  and  at  the  same  time  abt 
lutely  essential  that  the  temperature  shall  not  go  higher.     Tl 
can  be  easily  done  by  heating  it  on  what  is  known  as  a  waL- 
bath.    The  simplest  form  of  a  water  bath  consists  of  a  be 
half  full  of  water  and  loosely  covered  with  an  evaporating 


WATER  55 

or  other  suitable  vessel  containing  the  substance  to  be  heated. 

If  now  the  water  be  boiled,  the  steam  will  come  in  contact  with 
^  the  dish  and  quickly  raise  the  temperature  to  about  100**C. 
^  hut  never  above  the  boiling-point  of  water  at  the  pressure  of  the 

tatmoephere. 
Humidity  of  the  Air. — From  the  very  wide  distribution  of 
^  liquid  water  upon  the  earth's  surface,  it  of  course  follows  that 
*  Water  vapor  is  always  present  in  the  air.  One  might  expect  that 
the  partial  pressure  of  water  vapor  in  the  air  would  be  equal  to 
^  the  vapor  pressure  of  the  water.  However,  this  is  rarely  the 
case  because  the  temperature  of  a  body  of  water  is  usually  lower 
than  that  of  the  surroimding  land  area,  and  even  if  the  partial 
pressure  of  the  water  vapor  in  the  air  over  the  water  becomes  as 
great  as  the  vapor  pressure  of  the  water  at  the  temperature  of 
the  water,  as  soon  as  the  air  moves  over  the  land,  its  temperature 
will  rise  and  the  partial  pressure  of  the  water  vapor  will  then  be 
less  than  the  vapor  pressure  of  the  water  at  the  temperature  of 
the  air.  This  is  sometimes  expressed  by  saying  that  the  air  is 
only  partially  saturated,  canying  the  idea  that  the  air  dissolves 
the  water  much  as  water  dissolves  salt.  The  notion  is  only 
partly  correct.  The  term  "relative  humidity"  is  often  used  in 
this  connection  and  is  the  ratio  of  the  partial  pressure  of  the 
water  vapor  in  the  air  to  the  vapor  pressure  of  water  at  the 
temperature  of  the  air. 

The  water  vapor  in  the  air  is  of  great  consequence  in  chemistry 
because  of  the  fact  that  everything  which  is  exposed  to  the  air 
takes  on  more  or  less  water.  Some  things  take  on  so  much  water 
that  they  pass  into  a  Uquid  solution  or  deUquesce,  while  others 
simply  condense  a  thin  film  of  water  upon  their  surface.  This 
last  is  the  behavior  of  glass  and  other  substances  that  do  not 
dissolve.  This  water  condensed  upon  the  surface  often  gives 
a  great  deal  of  trouble  in  making  accurate  weighings,  because  of 
the  fact  that  it  will  vary  markedly  with  the  relative  humidity 
and  temperature  of  the  air.  The  most  efficient  way  to  remove 
this  film  of  liquid  water  is  to  heat  the  object  and  drive  the  water 
off  as  vapor.  However,  it  must  be  noticed  that  a  film  of  water 
does  not  behave  exactly  like  liquid  water  in  that  its  vapor  pres- 
sure is  very  much  smaller  than  that  of  liquid  water  at  the  same 
temperature,  and  consequently  the  temperature  has  to  be  very 
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high  to  remove  the  water  thoroughly.  In  some  cases  it  is  nc 
possible  to  heat  the  object  to  drive  off  the  water,  and  in  this  cas 
it  must  be  placed  in  a  closed  vessel  called  a  desiccator  whic 
contains  one  of  the  drying  agents  already  mentioned.  Unde 
these  conditions,  the  water  will  vaporize  from  the  object  ani 
slowly  diffuse  to  the  desiccating  substance.  The  process  is  i 
very  slow  one  anc  lastened  by  removing  the  air 

since  the  latter  in  diffusion  of  the  vapor. 

Heat  of  Vaporiz  -Whenever  any  liquid,  wate 

included,  passes  in  ite  heat  is  absorbed  unless  th) 

transformation  tali  itical  point.     This  absorptioi 

of  heat  is  not  acci  je  in  temperature  and  simpi; 

represents  the  di  between  the  liquid  and  th 

gaseous  substance  done  in  the  transformatioc 

This  absorption  of  neoi  m     scribed  to  the  work  done  i 

separating  the  particles  of  water  from  each  other,  since  gaseou 
water  occupies  a  very  much  larger  volume  than  the  liquid  wste 
from  which  it  was  formed.  However,  this  cannot  be  the  explant 
tion  because  there  is  an  increase  in  volume  when  water  freeset 
and  yet  heat  is  given  out  in  this  case.  The  heat  absorbed  in  tb 
transformation  of  1  grm.  of  a  hquid  into  its  vapor,  without  rie 
in  temperature,  is  called  its  heat  of  vaporization.  In  the  case  c 
water  it  is  537  c&l.  or  2,245  joules  at  100°C.  or  606.5  cal.  or  2,53 
joules  at  0°C.  So  as  the  temperature  rises,  the  heat  of  vaponu 
tion  decreases  and  becomes  zero  at  the  critical  temperature. 

Steam  is  extensively  used  for  the  heating  of  buildings,  becaui 
such  lai^e  quantities  of  heat  may  be  transmitted  with  tt 
movement  of  only  a  small  amount  of  substance. 

Effect  of  Pressure  on  the  Melting-point  of  Ice. — Ice  and  wat« 
exist  in  equilibrium  over  a  certain  range  of  temperature  an 
pressure,  for  each  temperature  there  is  a  perfectly  definit 
pressure  of  equilibrium.  Experiment  has  shown  that  tb 
melting-point  of  ice  ia  lowered  by  0.0072°  for  each  atmosphere  b; 
which  the  pressure  is  increased.  An  increase  in  the  pressure  c 
139  atmospheres  is  required  to  lower  the  temperature  I'C.  J 
mixture  of  ice  and  water  then,  can  have  a  temperature  of  O'C 
only  when  under  a  certain  pressure.  By  definition  of  CC.  thi 
is  the  standard  pressure.  A  change  in  the  barometric  presaui 
should  then  affect  the  melting-point  of  ice  and  the  alteratio 
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hould  amount  to  about  0.0001  °C.  for  a  change  in  the  barometric 
jitesBure  of  1  cm. 

Altboi^h  the  lowering  of  the  temperature  for  each  atmos- 
phere increase  of  pressure  is  very  small,  it  is  possible  by  pressure 
alone  to  keep  water  in  the  liquid  state  at  — 24°C.  The  pressure 
necessary  for  this  may  be  most  readily  obtained  by  freezing  a 
put  of  the  water  contained  in  a  very  strong  steel  vessel.  The 
freeting  of  only  a  small  part  of  the  water  will  produce  an  enor- 
moiu  pressure  because  of  the  marked  increase  in  the  volume  of 
water  when  it  is  changed  into  ice. 

The  Lew  of  Mobile  Equilibrium. — The  melting-point  of  prac- 
tically every  solid  is  altered  to  some  extent  by  a  change  in  pres- 
mre.  An  increase  in  pressure  lowers  the  melting-point  of  some 
few  but  raises  that  of  most  substances.  In  every  case  an  in- 
oease  in  pressure  causes  some  of  the  less  dense' form  of  the 
nhttance  to  change  into  some  of  the  denser  form,  and  so  pro- 
doees  a  contraction  which  tends  to  relieve  the  pressure.  To 
ouuntain  a  balance  under  such  conditions  between  the  relative 
quantities  of  the  two  forms,  the  temperature  must  be  altered 
in  iuch  a  direction  as  will  of  itself  tend  to  produce  more  of 
ttie  less  dense  form.  Usually  the  solid  is  denser  than  the 
''quid,  and  the  tendency  is  for  it  to  form  when  the  pressure  is 
■ooeaaed.  So  the  melting-point  of  most  substances  is  raised, 
lie  case  is  just  the  other  way  around  with  water  for  the  ice 
>>  letB  dense  than  the  water  and  the  melting-point  is  lowered, 
lo  ereiy  instance  we  are  dealing  with  an  equilibrium  between 
ftMlid  and  a  hquid,  and  the  shifting  of  this  equilibrium  under 
Ik  action  of  a  constraint  in  the  form  of  pressing.  The  equilib- 
rium is  always  shifted  in  such  a  way  that  the  pressure  tends 
to  be  relieved.  These  are  special  cases  of  a  very  general  law 
thich  applies  to  all  kinds  of  equilibria  both  physical  and  chem- 
■oL  This  law  may  be  stated  as  follows:  If  a  conatraint  is  put 
"pon  a  system  in  e^ilibrium  whereby  the  equilibrium  is  altered, 
^  reaction  will  follow  which  tends  to  decrease  the  constraint. 

Solutioiis. — 4t  is  a  matter  of  every-day  experience  that  many 
■ubetancea  will  dissolve  in  water.  We  call  these  water  or 
aqueous  solutions  of  the  substances.  A  solution,  it  wUl  be 
Keeled,  is  a  homogeneous  mixture  of  two  or  more  substances, 
tiie  relative  proportions  of  which  may  vary  continuously  within 
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certain  limits  and  whose  properties  vary  with  the  proportions  ot 
the  components.  Solutions  may  exist  in  all  three  of  the  physical 
states,  and  it  is  simply  the  eircumstance  that  we  are  so  familial 
with  water  solutions  that  makes  us  tend  to  think  of  a  solution 
as  a  liquid. 

In  connection  with  solutions  two  terms,  solut«  and  solvent,  are 
in  constant  use,  and  their  mea  hould  be  understood.     The 

substance  which  is  dissolved  is  i.  d  the  solute,  while  that  in 
which  the  aolutp  is  dissolved  is  ca  d  the  solvent.  A  solution 
of  salt  in  water  is  obtained  by  diss  Iving  the  solute  salt  in  the 
solvent  water.  The  solute  may  be  olid,  liquid,  or  gaseous,  and 
so  may  the  solvent.  As  an  examp  i  of  a  liquid  dissolving  in  a 
gas,  we  may  take  the  vaporization     '  water  into  air. 

Aqueous  solutions  are  of  great  i  irtance  in  chemistry  because 
of  the  fact  that  many  chemical  processes  take  place  very  readily 
in  them;  one  reason  for  this  being,  apparently,  that  the  water 
will  bring  together  into  one  liquid,  solid,  liquid  or  gaseous  solutes 
in  the  very  most  intimate  mixture. 

In  g^eral,  solutions  have  properties  which  are  a  sort  of  mean 
between  the  properties  of  the  two  components,  so  these  aqueous 
solutions  will  have  in  the  main  the  properties  of  water.     One 
very  important  circumstance  to  note  about  solutions  is  that  a 
solute  always  lowers  the  vapor  pressure  of  its  solvent  upon  paa^ 
ing  into  solution.     From  this  it  follows  that  if  the  solute  is  non- 
volatile, the  vapor  pressure  of  the  solution  will  always  be  less  at 
any  given  temperature  than  the  vapor  pressure  of  the  pure 
solvent.    In  case  the  solute  is  volatile,  the  partial  pressure  ol 
the  solvent  is  lowered  as  before,  but  the  vapor  pressure,  whicb 
is  the  sum  of  the  partial  pressures  of  the  solvent  and  of  the 
solute,  may  or  may  not  be  lower  than  that  of  the  solvent  i" 
the  pure  state.     For  solutions  which  are  dilute,  the  lowering  of  tb* 
vapor  pressure  is  proportional  to  the  mass  of  the  solute  dissolve" 
in  a  given  fixed  mass  of  the  solvent,  at  constant  temperature' 

In  Fig.  15,  the  curve  AOB  is  the  vapor  pressure  curve  for  ti»* 
pure  solvent,  and  the  curve  CO'D  that  for  the  solution.  It  wiW 
be  noticed  that  the  curve  for  the  solution  lies  below  that  for  tb^ 
solvent,  and  that  they  are  not  parallel.  The  curve  EO'O  is  th^ 
vapor  pressure  curve  for  the  ice.  The  line  MN  represents  thff 
atmospheric  pressure.     From  the  definition  of  boiling-point  iC 
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irill  be  seen  that  the  temperature  corresponding  to  the  points 
B  and  D  represent  the  boiling-points  of  the  pure  solvent  and  of 
the  solution  respectively.  This  also  shows  that  owing  to  the 
decrease  in  the  vapor  pressure  caused  by  the  solute,  the  boiling- 
point  of  the  solution  is  higher  than  that  of  the  solvent.  This  is 
true  in  every  case  where  the  solute  is  non-volatile.  If  the  solute 
is  volatile,  the  boiling-point  of  the  solution  may  be  higher  or 
lower  than  that  of  the  pure  solvent  depending  upon  whether  the 
partial  pressure  of  the  solute  is  less  than  or  greater  than  the 
lowering  of  the  vapor  pressure  of  the  solvent. 


Hie  freesing-point  of  all  solutions  from  which  the  solvent 
MpSTstes  as  a  pure  sohd  is  lower  than  that  of  the  pure  solvent. 
^  order  to  understand  this,  it  will  be  necessary  to  consider  the 
RlatiooB  between  the  vapor  pressure  of  the  solid  and  of  the 
'iquid.  It  seems  very  natural  to  assume  that  ice  has  no  vapor 
pTtwire,  but  this  is  a  mistake  for  ice  has  a  measurable  vapor 
pressure  even  when  cooled  to  many  degrees  below  zero.  This 
pressure  is  0.46  cm.  at  zero  degrees,  and  becomes  smaller  as  the 
'^perature  falls.  As  may  be  seen  by  reference  to  Fig.  15, 
tile  vapor  pressure  curve  for  ice  is  not  a  continuation  of  that 
for  water,  but  lies  below  the  water  curve  except  at  point 
0,  where  the  curves  meet.  It  is  only  at  this  point,  O,  then 
tlut  tiie  solid  and  liquid  have  the  same  vapor  pressure  and 
eao  be  in  equilibrium  with  each  other.     At  temperatures  below 
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this  point  the  vapor  pressure  of  the  water  is  higher  tbtm  that  of 
the  ice  and  a  little  thought  will  convince  anyone  that  the  two 
could  not  continue  to  exist  side  by  aide  because  the  water  would 
evaporate  and  condense  on  the  ice  as  the  solid,  and  this  would 
go  on  until  all  the  water  had  disappeared.     A  little  reflection 

will  show  that  a  systen: '  *""  '~     [luilibrium  in  every  way  to 

be  in  equilibrium  in  a  refore  it  follows  that  sinca 

at  the  freezing-point  tl>  e  liquid  are  in  equilibrium, 

the  vapor  pressure  of  t!  j  m-         i  the  same.     We  may  then 

frame  a  definition  of  tl  it  so  that  it  shall  be  similar 

to  that  for  the  boiling-  eezing-point  of  a  substance 

is  the  temperature  at  *  tie  pressure  of  the  solid  is  the 

same  as  thjLt  of  the  liqi  i.     In  Fig.  15  this  is  at  the 

point  0,  where  the  two  cu  id  EO'O  cut.     Correspond- 

ingly the  freezing-point  ot  tne  soiuuion  will  be  the  temperature 
at  which  the  vapor  pressure  of  the  solution  equals  that  of  the  ice,  *" 
and  this  will  be  at  the  point,  0',  on  the  curves  and  will  always* 
be  at  a  lower  temperature  than  that  of  the  pure  solvent.  Fron:^ 
these  conBiderations  it  will  be  seen  that  the  solute  lowers  th^^ 
vapor  pressure  of  the  solvent  and  that  this  results  in  the  sola — ■ 
tions  boiling  at  a  higher,  and  freezing  at  a  lower  temperature^ 
than  the  pure  solvent.  No  real  explanation  for  the  lowerin^a 
of  the  vapor  pressure  can  be  given,  but  we  can  picture  it  to  our^— 
selves  by  assuming  that  things  dissolve  because  they  have  b,^^ 
attraction  for  each  other,  and  that,  because  of  this  attraction  th-^ 
solvent  finds  it  more  difficult  to  pass  over  into  the  gaseous  stat^^ 
from  a  solution  than  when  it  is  pure. 

When  a  solid  salt  is  brought  into  contact  with  water,  some  c^- 
it  dissolves.  If  the  salt  is  difficultly  soluble,  like  silver  chlorid^^ 
the  weight  of  the  salt  which  a  given  weight  of  water,  say  lO^ 
grm.,  can  take  up  is  very  small  indeed;  but  in  the  case  of  aV^ 
easily  soluble  compound  like  calcium  chloride,  the  mass  whicJ* 
can  be  dissolved  by  the  same  weight  of  water  is  very  larg^* 
However,  there  is  at  each  temperature  and  pressure  a  definite 
limit  to  the  weight  of  a  salt  which  a  given  weight  of  water  will 
dissolve.     A  solution  in  which  this  limit  has  been  reached,  and 

'  The  student  should  remember  that  when  &  solution  freeEea  th«  solid 
which  separates  almost  always  consiata  of  crystals  of  the  pure  solvent  and 
not  of  the  solution. 
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vluch  is  in  equilibrium  with  some  of  the  solid  solute,  ia  called 
a.  saturated  solution.  The  ratio  between  the  weights  of  the 
solute  and  the  solvent  in  a  saturated  solution  is  called  the  solu- 
bility of  the  solute.  It  is  usually  expressed  in  terms  of  parts  by 
weight  of   solute  in  100  parts  by  weight  of  solvent. 

A.B  a  rule  the  solubility  of  a  salt  is  markedly  altered  by  changes 
of  temperature.  Generally,  but  by  no  means  always,  the  solu- 
bility increases  with  rising  temperature.  The  solubility  is  very 
much  less  sensitive  to  changes  in  pressure  than  to  changes  in 
temperature,  in  fact  it  requires  a  change  in  the  pressure  of 
hundreds  ctf  atmospheres  to  make  a  measurable  change  In  the 
solubility.  So  small  is  the  influence  of  pressure  that  for  all 
pnctical  purposes  it  may  be  neglected. 

H  leas  of  the  salt  be  added  to  the  solvent  than  it  is  capable  of 
•iissolving,  all  will  be  taken  up.  The  solution  is  said  to  be 
unsaturated  because  it  can  still  take  up  more  of  the  salt.  If  more 
of  the  salt  be  added  than  the  solvent  can  dissolve,  that  quantity 
which  corresponds  to  the  solubility  will  pass  into  solution  and 
*^e  excess  will  be  left  undissolved.  The  concentration  of  the 
"*lt  in  solution  is  absolutely  independent  of  whether  this  excess 
"*  large  or  small. 

''uBt  as  a  hquid  may  be  supercooled  if  the  solid  modification  be 
^^duded,  so  a  solution  may  be  prepared  which  contains  more  of 
the  Boltite  than  corresponds  to  its  solubility  if  the  solid  solute  is 
"'^  present.  Such  solutions  are  called  supersaturated.  In  the 
^"Seoce  of  the  solid  solute,  they  are  stable  toward  most  changes; 
••ut  when  brought  in  contact  with  even  a  very  small  piece  of  the 
*li<l,  all  the  excess  of  solute  over  that  coiTCSponding  to  its 
"Nubility  quickly  separates  out  in  the  solid  form. 

plication  of  the  Law  of  Mobile  Equilibrium. — We  must 
Eo  to  the  law  of  mobile  equilibrium  for  information  as  to  the 
™Wction  of  the  change  of  solubility  for  a  given  change  in  tem- 
perature or  pressure. 

This  law  says  that  if  a  system  in  equilibrium  is  subjected  to  a 
Wutraint  whereby  the  equilibrium  is  altered,  that  reaction  will 
follow  which  tends  to  reheve  the  contraint.  If  the  constraint 
cooBists  in  the  addition  of  heat  whereby  the  temperature  of  the 
lystem  is  raised,  the  change  which  will  follow  will  be  accompanied 
by  ihe  absorption  of  heat.     If  a  salt  dissolves  in  its  almost 


Lted,  solid  salt  will  separate  as  the  temj 
ability  will  decrease  with  rising  tempen 
solves  without  any  heat  effect  will  not 
-h  the  temperature.     This  is  very  nearly 
e.     The  heat  of  solution  of  a  salt  in  its  i 
en  very  differenti  not  only  in  magnitude  h 
heat  of  solution  in  the  pure  solvent.     It 
it  effect  which  is  of  significance  in  this  coi 
[f  the  pressure  be  increased,  that  change  w 
ikccompanied  by  a  decrease  in  volume,  sin 
ieve  the  pressure.    The  solubility  of  the  sa 
» pressure  in  case  the  more  concentrated  sol 
[ume  than  the  saturated  solution  together 
t  if  the  volume  of  the  system  would  be 
^aration  of  the  solid  salt,  the  solubility  of  th 
;h  increasing  pressure. 
rhe  Chemical  Properties  of  Water. — Wate 
lly  in  essentially  two  different  ways,  that  is, 
tly,  in  which  case  only  one  new  substan( 
y  react  because  of  its  being  a  compound 
rgen.    In  this  case  two  or  more  new  subs 
examples  of  direct  combination,  we  mi( 
nrater  with  lime  (calcium  oxide)  to  form  ( 
h   anhvHrntio   /»'»— — 
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cliaracteristics  of  chemic&l  compounds,  that  is,  follow  the  law 
of  definite  proportions,  differ  radically  in  their  properties  from 
th^  components,  etc.,  so  there  is  no  reason  for  setting  up  a 
special  class  for  these  substances. 

Ab  cases  of  the  behavior  of  water  as  a  compound  of  hydrogen 
uid  oiqrgen,  we  may  call  to  mind  the  reactions  between  water 
and  iron,  or  magnesium,  calcium  or  sodium  whereby  hydrc^en 
■nd  a  compound  of  the  metal  with  oxygen  or  with  oxygen  and 
hydrogen  are  formed.  It  is  important  to  notice  in  this  connection 
that  it  is  much  more  difficult  to  decompose  water  into  its  elements 
thin  it  is  such  a  compound  as  mercuric  oxide;  on  this  account 
water  is  called  a  stable  substance. 

The  Reaction  of  Sodium  and  Water. — The  action  of  sodium 
upon  vater  is  so  very  vigorous  that  only  very  small  quantities 
<^  sodium,  a  piece  not  lai^er  than  a  pea,  should  be  used  at  a 
:  time.  Larger  quantities  are  very  likely  to  produce  explosions, 
'rom  the  very  great  volumes  of  gas  and  steam  liberated,  which 
ue  as  violent  as  those  due  to  an  equal  weight  of  dynamite. 
'^  sodium  acts  upon  water,  hydrogen  and  a  solution  of  sodium 
liydroidde  are  formed.  Sodium  hydroxide  is  a  white  easily 
'  Mluble  solid  which  is  a  highly  caustic  allcali  and  hence  is  often 
'^Qed  caustic  soda.  When  sodium  hydroxide  is  exposed  to  the 
^>  it  becomes  inoist  and  finally  passes  into  a  liquid  which  is 
'(KDtJcal  in  its  properties  with  a  strong  water  solution  of  the 
■vbttance  and  hence  is  such  a  solution.  The  water  necessary 
^DT  the  formation  of  this  solution  comes  from  the  air.  Sodium 
hydroxide  and  things  like  it  which  take  up  water  vapor  from 
the  ail  and  form  solutions  are  called  deliquescent  substances. 
AD  such  Bubtances  are  very  freely  soluble  and  have  the  common 
'^Wacteristic  that  their  saturated  solutions  give  a  smaller 
"apor  pressiure  of  water  than  the  partial  pressure  of  the  water 
^por  in  the  au-.  If  this  were  not  so  the  substance  could  not 
'i^quesce.  Many  of  the  salts  containing  water  ofcrystalli- 
tttion  decompose  readily  into  their  components  and  give  an 
^y  measurable  vapor  pressure  of  water.  If  the  partial 
Pnssure  of  the  water  vapor  in  the  air  is  less  than  the  vapor  pres- 
nire  of  the  water  from  the  salt,  the  latter  will  decompose  and 
the  ctystals  will  fall  to  powder.    The  substance  is  then  said 
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to  effloresce.  At  any  given  temperature  the  vapor  pressure  oft, 
saturated  Eolution  of  a  substance  or  that  of  wat^r  from  a  hydraM 
is  constant,  but  the  partial  pressure  of  the  water  vapor  in  the 
air  varies  from  time  to  time,  so  a  substance  may  deliquesce 
one  day,  lie  stable  the  next,  and  even  effloresce  on  the  day 
after;  its  behavior  being  determined  by  the  partial  pressuw 
of  the  water  vapor  in    "       "  vapor  pressure  of  the  water 

from  the  subslance. 

In  ordinary   weathei  loride   will   deliquesce,  and 

even  after  the  sail  hat  '  I,  the  solution  will  continue 

to  take  up  water  from  4i  the  partial  pressure  of  the 

water  vapor  in  the  air  .  .  the  vapor  pressure  of  the 

solution.     If  such  a  8  wed  to  stand  in  the  labora- 

tory until  winter  con  be  foimd  that  the  water 

will  gradually  evaporate  ^  crystals  of  calcium  chloride 

with  water  of  crystallization  will  form.  In  the  depth  of  winter 
these  crystals  sometimes  fall  to  a  powder  or  effloresce.  So 
calcium  chloride  is  both  a  deliquescent  and  an  efflorescent  sub- 
stance. The  explanation  being  of  course  that  in  the  sunmifr 
the  partial  pressure  of  the  water  vapor  in  the  air  is  high,  while 
in  the  winter  it  is  low  indoors  on  account  of  the  low  temperatures 
prevailing  outside. 

The  Composition  of  Water. — Water  is,  of  course,  a  chemical 
compound  of  hydrogen  and  oxygen  and  hence  from  the  law  of 
definite  proportions  the  relative  proportion  by  weight  in  which 
these  elements  combine  to  form  water  will  be  fixed  and  invariable 
This  proportion  is  a  very  important  property,  not  only  of  hydro- 
gen and  oxygen,  but  also  of  water. 

There  are  two  general  methods  of  procedure  for  determining 
the  composition  of  a  substance.  We  may  decompose  the  sub- 
stance into  its  elements  and  determine  the  proportion  by  weight) 
in  which  each  is  present.  XhiaJs  called-aa al yajg. .  Or  we  majr 
bring  together  the  elements  which  go  to  make  up  the  substance  , 
and  make  the  conditions  such  that  they  will  combine  to  form  the  J 
desired  compound.  By  carefully  noting  just  what  weight  i' 
each  element  disappciirH  in  the  f<irin;!tion  of  a  given  weight  of  tb 
compound,  the  quantitative  composition  of  the  substance  may 
be  determined,     ^hii  's  callrd  nynthimig 

For  the  analysis  of  water,  advantage  may  be  taken  of  the  fact 
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:d  under  the  discussion  of  the  methods  for  the  prepara- 

lydrogen,  that  when  a  current  of  electricity  is  passed 
water  between  two  plates  of  platinum,  hydrogen  ap- 
one  of  the  platinum  plates  and  oxygen  at  the  other. 

process  the  platinum  plates  are  unaffected,  and  the 

if  the  hydrogen  plus  the  weight  of  the  oxygen  equals 

;ht  of  the  water  which  disappears,  thus  showing  that 

Dstancea  are  the  only  ones  formed  in  the  process.     By 

g  the  gSLBes  separately  and  determin- 
weights,  a  quantitative  analysis  of 

r  may  be  made.    Since  the  densities 

lees  are  known,  it  is  not  necessary 

I  them;  all  thp,t  is  required  is  that 

lumes  be  measured  under  known 

us    of   temperature    and    pressure 

I,  and  from  these  data  the  volumes 

andard  conditions  may  be  readily 

td.     The  volumes  under  standard 

OS  times  the  densities  of  the  gases 

ourse,  give  the  weights  of  the  gases, 

refore  the  proportion  by  weight  in 

ley  combine  to  form  water  which 

iidt  desired. 

this  operation  is  performed  it  turns 

;  if  the  gases  be  measured  under 

e  conditions   of  temperature  a: 

,  that  the  volume  of  hydrogen  is 

3xactly  twice  that  of  the  oxygen. 

0  according  to  the  best  determina- 
iig  2.0025  volumes  of  hydrogen  to 
■olume  of  oxygen.  The  density  of 
a  is  0.00OO8986  and  of  oxygen  0.0014293  and  therefore 

1  by  weight  is  2.0025  X  0.00008986  divided  by  1.0000  X 
13,  or  1.000  of  hydrogen  to  7.943  of  oxygen  or  roughly 

The  percentage  composition  of  water  is  then  11.19  per 
drc^o  and  88.81  per  cent,  oxygen. 
'  the  standard  methods  which  has  been  much  used  for  the 
tive  synthesis  of  water  is  based  upon  the  reaction  taking 
iween  copper  oxide  and  hydrogen  at  a  somewhat  elevated 
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temperature  whereby  wat«r  and  copper  are  produced.  The 
process  may  be  briefly  outlined  as  follows:  Pure  dry  hydrogen 
(Fig.  17),  is  passed  over  a  weighed  quantity  of  copper  oxide  at 
a  little  below  the  temperature  of  redness.  The  water  formeii 
is  collected  by  absorption  in  a  weighed  quantity  of  calcium 
chloride.  T  he  increase  in  weight  of  the  calcium  chloride  at  tbe 
end  of  the  experiment  over  at  the  beginning  gives  the 

weight  of  the  water  formed.  The  ifferencc  between  the  weight 
of  the  copper  oxide  and  of  the  c«  per  formed  from  it  gives  the 
weight  of  the  oxygen  which  wa  Lransformed  into  the  water. 
The  difference  between  the  weigl  of  the  water  and  that  of  the 
oxygen  is,  of  course,  the  weight  o 
tion  of  water  from  data  obtained 
with  that  given  above. 


he  hydrogen.     The  compoB- 
this  w^y  checks  very  closely 


Another  method  for  the  quantitative  synthesis  of  water  con- 
sists in  determining  the  proportion  by  volume  in  which  hydrO' 
gen  and  oxygen  unite  to  form  water.  From  this  ratio  aod  thB 
densities  of  the  gases,  tbe  proportion  by  weight  may  be  easi^ 
obtained  as  was  shown  above.  Since  a  mixture  of  hydrogen 
and  oxygen  may  be  caused  to  explode  by  passiiig  an  electrio- 
spark  through  the  mixture  at  any  point  this  syntbesifl  is  very 
easily  carried  out.  The  apparatus  necessary  consists  of  a 
thick-walled  glass  vessel  (Fig.  18),  strong  enough  to  stand  tia 
explosion  of  the  gases  and  having  two  platinum  wires  sealed 
through  its  walls.  Carefully  measured  volumes  of  hydrogen 
and  of  oxygen  are  introduced  into  the  vessel,  mixed  and  ex- 
ploded.    The  residual  gas  is   then  measured   and  examined 
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rhether  it  is  hydrogen  or  oxygen.  The  results  show  as 
-hat  the  gases  combine  in  the  proportion  of  very  nearly 
umes  of  hydrogen  to  one  of  oxygen.  If  the  gases  are 
in  just  thia  proportion  no  residue  is  left;  but  if  an 
)f  either  one  is  used,  the  excess  of  that  gas  is  left  un- 
I.  If  this  synthesis  is  carried  out  at  temperatures  above 
ing-point  of  water  and  at  pressures  somewhat  below  that 
itmosphere  so  that  the  water  formed  shall  stay  in  the 
state,  as  water  vapor,  the  volume  of  thia  water  vapor 
nearly  the  same  as  that  of  the 
n  from  which  it  was  formed,  both 
id  at  the  same  temperature  and 
:.  So  the  following  very  simple 
exists  between  the  volumes  of  the 
substances  involved  in  this  reac- 
0  parts  by  volume  of  hydrogen 
ibine  with  one  part  by  volume  of 
to  form  two  parts  by  volume  of 
apor,  all  being  measured  under 
c  conditions  of  temperature  and 


1  other  gases  enter  into  reaction 
e  another,  relations  between  the 
ng    volumes    are    always    very 

often  even  simpler  than  in  the 
ven  above.     This  behavior   of 

described  by  the  law  known  as 
ssac's  law  of  the  combining  vol- 
:  gases.  Whenever  in  any  chem- 
iian  two  or  tnore  gases  appear  or 
ir,  they  do  so  in  the  ratio  of  small  wkiAe  numbers  by  volume. 
isse  given  above,  the  ratios  are  2:1:2. 

we  come  to  compare  the  proportions  by  volume  in 
olids  or  liquids  react,  we  find  no  suggestion  of  the  exist- 
a  simple  relation,  nor  is  there  any  simple  proportion  by 
D  which  substances  react.  We  find  here  another  instance 
reat  simpUcity  of  the  behavior  of  gases. 
1  be  recalled  that  Boyle's  and  Gay  Lussac's  laws  do  not 
describe  the  behavior  of  any  gas,  but  that  they  a}!  vary 
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somewhat  from  these.  Similaj-ly  Gay  Lussac's  law  of  combiniii 
volumes  is  not  an  exact  law  as  may  be  seen  from  the  fact  tha 
hydrogen  and  oxygen  do  not  combine  in  the  ratio  of  2  : 1  as  calla 
for  by  the  law,  but  in  the  ratio  of  2.0025:1.  The  deviation 
however,  are  not  large,  in  moat  cases,  and  the  law  is  very  usefu 
and  important. 

Molar  Weight.-  i  of  molar  weights  which  i 

about  to  be  develop  ul  since  with  its  aid  the  inter 

pretation  of  many  m        l       3licated  chemical  phenomeni 

becomes  simple. 

The  molar  weip  se<       substance  is  conceived  of  a: 

being   proportion£  dei      ^   of   the   gas.     For   reaaoni 

which  cannot  be  I  later,  the  molar  weight  o 

oxygen  is  taken  at  iroper  point  the  reasons  foi 

this  choice  will  be  given.  If  then  the  molar  weight  of  a  gas  i; 
proportional  to  its  density  the  following  relation  will  hold: 

The  molar  weight  of  the  gas:  the  molar  weight  of  oxygen  = 
the  density  of  the  gas:  the  density  of  oxygen,  or 

The  molar  weight  of  the  gaa      The  density  of  the  gas 
The  molar  weight  of  oxygen       The  density  of  oxy^n 

Substituting  for  the  molar  weight  of  oxygen  its  value  33 
and  solving  for  the  molar  weight  of  the  gas,  we  have 
-  -  ,         .  ,  ,      „„  ^,  The  density  of  the  gas      „„  _       D 

Molar  weight  =  32  X  far — t ^ — i ^—  -  32  X  nr^-iAon. 

*^  The  density  of  oxygen  0.001429 

where  0.001429  is  the  density  of  oxygen  and  D  that  of  the  g* 
in  question. 

But  n  fm.  J9Q  18  the  specific  gravity  of  the  gas  referred  to  oxygd 

Since  it  is  the  ratio  of  the  weights  of  equal  volumes  (1  c.c-  i 
each  case)  of  the  gas  and  of  oxygen.  Therefore  for  a  gaseou 
substance  the  molar  weight  may  be  defined  a?  thirty-two  times  th 
specific  gravity  of  the  gas  referred  to  oxygen  as  the  standard. 

For  the  sake  of  illustration,  let  us  calculate  the  molar  weigh' 
of  hydrogen.  The  density  of  hydrogen  is  0.00008386,  anc 
letting  M  represent  the  molar  weight, 

M  =  32  X  0.00008986/0.001429  =  2.012 

Therefore  the  molar  weight  of  hydrogen  is  2.012. 

Water  vapor  of  course  cannot  exist  imder  standard  condition! 
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but  could  exist  at  0°C.  if  the  pressure  were  less  th&n  0.4  cm. 
^  mercury  or  at  atmoBpheric  pressure  if  the  temperature  were 
ligher  than  100°C.  Since  water  vapor  follows  the  gas  laws, 
f  the  weight  of  a  given  volume  be  found  under  any  conditions  of 
emperature  and  pressure,  the  density  which  it  would  have 
inder  standard  conditions,  if  it  did  not  liquefy,  can  be  readily 
calculated.  The  density  of  water  vapor  obtained  in  this  way 
s  0.0008063  and  hence  the 
Molar  weight  of  water  =  32  X  <''>o<'8»«%.ooi429  =  18.05. 

By  a  shght  extension  of  the  conception  of  molar  weight  we 

»n  get  another  very  useful  conception,  that  of  a  gram  mole. 

k.  gram  mole  of  a  substance  is  nothing  more  or  less  than  the 

molar  weight  of  the  substance  expressed  in  grams.     Or  it  is  a 

weight  in  grams  of  the  substance  numerically  equal  to  its  molar 

wdght.     For  example,  the  molar  weight  of  hydrogen  is  2.012 

and  a  gram  mole  of  hydr<^n  is  2.012  grm.  of  hydrogen.    The 

molar  weight  of  water  vapor  is  18.05,  so  a  gram  mole  of  water 

vapor  is  18.05  grm.  of  water  vapor.    The  molar  weight  of 

oxygen  is  32,  and  a  gram  mole  of  oxygen  then  is  32  grm.  of  oxygen. 

The  volume  occupied  by  a  gram  mole  of  a  gaseous  substance 

under  standard  conditions  can  be  easily  calculated  by  dividing 

its  molar  weight  by  its  density  under  standard  conditions.    The 

Tolume  of  a  gram  mole  of  oxygen  under  standard  conditions  is 

'^  '%-ooi43  or  22,400  c.c.    The  volume  of  a  gram  mole  of 

tydiogen  is  20i%.oooo8986  =  22,400  c.c.      These  and  other 

^xuQplea  which  may  be  worked  out,  together  with  a  few  moments 

thought  OQ  the  definition  of  molar  weight  should  soon  convince 

OK  Uiat  tSie  volume  of  a  gram  mole  of  all  gases  under  standard 

conditions  is  the  same  and  is  22,400  c.c. 


CHAPTER  VI 

coMBnnnG  weights  and  atomic  theory 

There  can  be  no  n  bu       at  tlie  law  of  combiDing  weig 

is  the  most  imporu  t  ion  of  chemistry,  and  we  m 

now    turn    our    i  ">"    to     le   formulation    of   this   1; 

For  this,  we  shall  nei  npoaition  of  a  number  of  compou: 

as  determined  by  a  and  their  molar  weights.     In  or 

to  obtain  accurm  '   is  necessary  to  use  not  the  m( 

weights  directly  the  gaseous  density,  but  tt 

plus  or  minus  a  u  ally  determined  number  wl: 

correcta  for  the  deviations  of  the  gases  from  the  simple  gas  1: 
of  Boyle  and  Gay  Lussac.  These  corrections  are  easOy 
tenmned  and  the  corrected  molar  weights  are  just  as  much 
result  of  experiment  as  the  uncorrected  numbers.' 

By  analysis  we  get  the  weight  of  each  element  in  a  gram  of 
compound.  If  we  multiply  the  weight  of  an  element  in  a  gt 
of  compound  by  the  molar  weight  of  the  latter,  we  obviot 
obtain  the  number  of  grams  of  the  element  per  gram  mole  of 
compound.  For  example  a  gram  of  water  contains  accord 
to  analysis  0.8881  grm.  of  oxygen.  The  molar  weight  of  watt 
18.016.  If  we  multiply  these  two  numbers  together,  we 
16.00  which  means  that  18.016  grm.  of  water  contains  16  g 
of  oxygen. 

The  following  table  summarizes  this  kind  of  results  fo 
number  of  compounds,  and  should  be  carefully  studied,  pay 
particular  attention  to  the  weights  of  each  element  per  gi 
mole  of  compound. 

The  results  given  in  the  following  table  under  the  headii 
"weight  of  each  element  per  gram  and  per  gram  mole  of  c( 
pound,"  are  as  described  by  the  law  of  definite  proportions  ( 

1  Some  idea  of  the  magnitude  of  these  corrections  may  be  obtained 

comparing  the  value  for  the  molar  weight  of  water  obtained  on  p.  69 1 

the  corrected   value   given  in  the  table  p.  71   and   also   that  v 

molar  weight  of  hjdragen  2.012  with  the  corrected  2.016. 

70 
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e&ch  set  represents  equally  well  the  relative  proportions  in  which 
Uie  elements  unite  to  form  the  compounds.  The  most  careful 
Btady  of  the  weights  of  the  elements  per  gram  of  compound  will 
fiil  to  shows  any  simple  relation  between  the  weights  of  any  given 
dement,  aay  hydrogen,  in  the  various  compounds;  but  even  a 
very  hasty  inapection  of  the  weights  of  the  elements  per  gram 
Ei(ie  shows  that  a  gram  mole  of  a  hydrogen  compound  either  con- 
:  tuns  1.008  grm.  or  some  integral  multiple  of  this  number.  The 
nme  thing  is  true  for  oxygen,  nitrogen,  etc.,  except  that  the 
snmber  is  16  for  oxygen,  14.006  for  nitrogen,  35.46  for  chlorine, 
ind  12  for  carbon. 


i-SLH 

Waicht  ot  tub  a»- 

Cor- 
rHted 

Weighta  ot  caoh  element  per  grmm  mole  of 

Sk. 

Hydro«.n 

0^»n 

Nitroiea 

Chlorine 

Cerban 

WW, 

old) 

Htoo. 

s. 

Add. 

O.lllBhydrorln 
0.0378  hydiopin 

0.832i  nitraieD 

0.8833  oiycen 
0.8388  niUoiBD 
0.3638  (orOO 
0. 3T3T  euboD 
0.7373  oiyaen 

IS. Die 

38.468 
30.006 
44,00 

2.018 
1.008 

16.00 

16.00 
33.00 

14.006 
14.006 

88.46 

IS. 00 

HiDimnm  ir«cbt  ot 
euh    rltiDUt    pu 
vr«m   mol.  ol    th. 

1.008 

16,00 

14.006 

36.48 

13.00 

Ulia  ia  tnie  not  only  for  these  compounds  but  abo  for  all 
(ithet  gaseous  compounds  of  these  and  other  elements  so  that 
*n  can  make  the  general  statement  that  for  each  element  there  i» 
'  nwn^  vihich  represents  the  minimum  weight  of  that  eletttent 
/•wd  per  gram  mole  of  any  of  its  compounds,  and  whenever  thia 
^"iitni  it  pretent  in  a  gram  mole  of  any  compound  in  greater 
*'Vte  than  the  minimum,  its  weight  may  always  be  represented  by 
"*  ifitefpvl  multiple  of  the  minimum  weight.  These  minimum 
numbers  are  called  the  combining  weights  of  the  elements  because 
^  or  their  integral  multiples  represent  the  proportions 
»!  weight  in  which  the  elements  enter  into  combination  with  one 
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another.  The  statement  just  given  in  italics  might  be  c 
the  law  of  combining  weights,  but  if  preferred  the  folio 
form  may  be  used.  For  each  element  a  number  can  be  f 
which  has  the  property  that  the  proportions  by  weigh 
which  this  element  enters  into  combination  with  other  elen 
'  COD  be  represented  by  this  number  or  some  integral  mul 
ofit. 

No  two  elci  uime  combining  weight  ai 

table  of  these  v  aatants  is  given  on  p.  79. 

Atomic  Thee  he  beginning  of  the  ninete 

centuryf  the  la.  )ortions  (p.  27)  was  formula 

and  a  few  yeai  Wo,  an  Knglishman,  discov 

Bome  of  the  ft  he  law  of  multiple  proport 

(p.   84)   is    be  isideration   of    these    rclat 

DaltoD  became  s  described  by  the  law  of  c 

bining  weights,  ile  also  knew  the  law  of  the  conservatio 
the  elements.  As  an  explanation  of  all  these  facts  he  ga< 
definite  quantitative  form  to  the  atomic  theory — a  theory  w 
had  been  held  by  many  in  some  form  or  other  since  the  < 
of  the  early  Greek  philosophers.  For  the  purpose  of  explau 
the  facts,  Dalton  made  the  following  assumptions: 

First,  that  all  elements  are  made  up  of  very  minute  chemic 
indivisible  particles  called  atoms; 

Second,  that  the  atoms  of  any  one  element  are  all  aliki 
size,  weight,  etc.,  but  are  very  different  in  all  these  particu 
from  the  atoms  of  other  elements; 

Third,  that  the  ratio  of  the  weights  of  the  atoms  of  any 
elements  is  the  same  as  the  ratio  of  their  combining  weight 

Fourth,  that  compounds  are  formed  by  the  union  of  a  de^ 
integral  number  of  atoms  of  one  element  with  a  definite  wl 
number  of  atoms  of  another  to  form  the  smallest  particle,  ca 
the  niolecule,  of  the  compound; 

Fifth,  that  the  atoms  of  any  given  element  preserve  t 
identity  in  passing  from  the  element  to  a  compound,  or  f 
compound  to  compound. 

The  explanation  of  the  laws  upon  which  the  atomic  theoi 
founded  in  terms  of  that  theory  is  so  simple  as  to  be  aln 
obvious.  The  fixed  relative  proportions  by  weight  in  which 
elements  unite  to  form  a  given  compound   (Law    of   Defi 
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'roportioDs)  is  given  by  the  relative  weights  of  the  atoms  of 
.he  elements,  each  multiplied  by  the  definite  integral  number  of 
the  atoms  of  that  element  which  united  to  form  a  molecule 
of  the  compound.  Since  the  atoms  are  assumed  to  be  indi- 
visible,  it  follows  that  in  a  molecule  of  any  given  compound  of  an 
element,  there  will  be  one,  two,  three,  or  some  whole  number  of 
atoms  of  that  element;  and  therefore  from  the  relation  between 
the  combining  weights  and  the  weights  of  the  atoms,  the  propor- 
tioDB  by  weight  in  which  the  element  enters  into  combination 
vill  be  represented  by  the  combining  weight  or  some  whole 
multiple  of  this  (Law  of  Combining  Weights).  The  law  of 
<Mnservation  of  elements  is  explained  at  once  by  the  assumption 
Uut  the  elements  preserve  their  identity  in  passing  from  com- 
pound to  compound.  In  terms  of  the  atomic  theory,  what  we 
luve  called  the  combining  weights  of  the  elements  may  just 
M  properly  be  called  the  relative  atomic  weights,  or  simply  the 
atomic  weights  of  the  elements.  The  table  on  p.  79  entitled 
"htemational  Atomic  Weights"  gives  the  accepted  values  of 
tiiwe  important  constants  for  the  elements. 

Ilie  atomic  theory  has  proved  to  be  one  of  the  most  fruitful 
''Kories  of  chemistry,  since  it  not  only  explains  the  very  funda- 
"iQitally  important  laws  of  chemical  combination,  but  also  has 
'^fought  together  a  great  many  other  facts  and  by  predicting 
<Ktt  relations  has  led  to  investigations  which  have  greatly 
iicreaBed  our  store  of  knowledge.  For  a  long  time  there  was  no 
proof  that  substances  were  composed  of  particles  the  size  of 
ittsngand  molecules;  for  all  elements  and  chemical  compounds 
<^  examined  under  the  most  powerful  microscopes  seemed  to 
^  perfectly  homt^neoua.  But  within  the  last  few  years,  facts 
We  come  to  light  chiefiy  by  the  study  of  radioactive  substances 
(Ke  p.  496)  which  seem  to  indicate  very  clearly  that  such  small 
PUticles  do  actually  exist,  and  hence  the  theory  has  been  greatly 
^tengthened.  These  facts  have  even  enabled  us  to  make  a 
*^  close  estimate  of  the  number  of  atoms  in  a  gram  combining 
"fight  or  its  synonym^ — gram  atomic  weight  of  any  element. 
'Hdsniunber  is  6.1  X  10"  atoms.'  For  example  1.008  grm.  of 
^^Irogen  or  16  grm.  of  oxygen  will  each  contain  6.1x10"  atoms. 

'Cl  X  10"  ia  an  abbreviated  way  of  writinE  610,000,000,000,000,000,- 
(WlOOO. 
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This  almost  inconceivably  large  number  of  atoms  in  a  comps 
tivety  small  mass  oF  substance  enables  ua  to  understand  fi 
why  it  hap  never  been  possible  to  see  the  atoms. 

Molecular  Theory. — Juat  as  the  atomic  theory  has  proved  v 
useful  in  explaining  the  facts  of  chemical  combination,  so 
molecular  theory  has  been  of  help  in  explaining  certain  of 
other  facts  of  chemistry  and  /sics.  Among  the  facts  wh 
the  theory'  was  devised  to  ex  lin  arc  those  of  the  beha\ 
of  gases,  Ii([uids  and  solids,  with  changes  of  pressure  and  U 
perature,  and  also  the  relations  vhich  we  have  been  consider 
under  the  conception  of  molar  w  ights. 

The  more  important  assumpt  ons  made  for  the  purpose 
explaining  these  facts  are: 

■  Fiiet,  that  every  substance  made  up  of  extremely  sn 
particles  called  molecules. 

Second,  that  these  molecules  in  the  case  of  compounds 
made  up  by  the  union  of  a  definite  and  whole  number  of  ate 
of  each  of  the  elements  composing- the  compound;  in  the  cast 
elements,  the  molecules  may  be  composed  of  one  or  m 
atoms — usually  more  than  one; 

Third,  if  anything  happens  to  change  the  number  of  atonu 
a  molecule,  the  nature  of  the  substance  is  changed; 

Fourth,  that  the  molecules  behave  as  though  they  were  exce 
ingly  elastic  bodies  in  a  state  of  rapid  and  ceaseless  motion 
all  directions,  their  rates  of  motion  increasing  with  rise 
temperature; 

Fifth,  because  of  their  rapid  motions,  the  molecules 
assumed  to  occupy  only  a  very  small  part  of  the  space  whid 
apparently  filled  by  the  substance  which  they  constitute.  ' 
rest  of  the  space  being  empty.  This  dispersion  of  the  m 
cules  is  assumed  to  be  especially  great  in  the  case  of  gases,  m 
less  for  liquids,  and  generally  still  less  for  solids; 

Sixth,  it  is  assumed  (Avogadro's  hypothesis)  that  e< 
volumes  of  all  gases  under  the  same  conditions  of  temperal 
and  pressure  contain  the  same  number  of  molecules. 

The  pressure  exerted  by  a  gas  is  explained  as  being  due  to 
hammering  of  the  rapidly  moving  molecules  upon  the  fi 
of  the  containing  vessel.  The  latter  part  of  the  fourth  assu 
tion  will  explain  the  increase  in  pressure  with  rising  temperat 
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if  the  volume  is  kept  constant;  or  tlie  increase  in  volume,  if  the 
pressure  is  unchanged.     (Gay  Lussac,  or  Dalton^s  law.) 

Decreasing  the  volume  occupied  by  a  given  mass  of  a  gas  to 

one-half  its  former  value  will  double  the  number  of  molecules 

striking  a  given  area  of  the  wall  confining  the  gas  and  hence 

double  the  pressure.     (Boyle's  law.) 

If  Avogadro's  hypothesis  is  true  and  equal  volumes  of  all  gases 

;  -under  the  same  conditions  of  temperature  and  pressure,  contain 

■    tbe  same  number  of  molecules,  then  it  follows  that  the  weights 

f    of  these  equal  volumes  will  stand  to  each  other  in  the  same  ratio 

I    as  the  actual  weights  of  the  molecules.    We  can  then  by  choosing 

\   8ome  gas  as  the  standard  and  assigning  to  it  a  certain  molecular 

[    weight,  prepare  a  system  of  relative  molecular  weights  of  gases 

i   which  shall  have  all  the  properties  of  that  which  we  have  called 

the  molar  weights.    In  fact  since  oxygen  has  been  taken  as  the 

standard  and  assigned  a  molecular  weight  of  32,  the  numerical 

^ues  of  the  molecular  weights  is  just  the  same  as  that  for  molar 

v^ts;  and  a  gram  mole  of  a  substance  is  precisely  the  same 

quantity  of  that  substance  as  a  gram  molecular  weight.    The 

^lession,  molecular  weight,  is  a  rather  long  one,  so  in  accord- 

Uioe  with  custom,  it  will  generally  be  replaced  in  this  book  by 

the  moie  convenient  word  mole. 

The  same  facts  of  radioactivity  (p.  496)  which  strengthened 
^  atomic  theory  support  the  molecular  theory  and  indicate 
^  the  number  of  molecules  in  a  gram  molecular  weight  or 

pam  mole  of  a  substance  is  the  same  as  the  number  of  atoms 

* 

^  a  gram  atomic  weight — that  is  to  say  6.1  X  10*'.  A  further 
■tatoigthening  of  the  molecular  theory  is  furnished  by  the  fact  that 
^xhemely  minute  particles,  when  suspended  in  a  liquid  and 
stron^y  illuminated,  look,  when  examined  by  a  powerful  micro- 
scope, like  dancing  dots  of  light.  The  motions  of  these  particles 
^^Y  correspond  in  kind  and  amount  to  those  calculated  on  the 
•sumption  that  they  are  caused  by  the  bombardment  of  the 
P^cles  by  bodies  having  the  calculated  mass  and  velocity  of 
^  assumed  molecules. 

Halation  Between  Fact  and  Theory. — In  studying  a  theory  we 
Aould  always  be  careful  to  get  thoroughly  in  mind  the  distinc- 
uon  between  the  facts,  the  assumptions  and  the  explanation. 
11^  facts  are  eternally  true.    The  theory  is  a  speculative  ex- 
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plaaation  of  the  facts  in  which  our  imagination  has  carried 
farther  than  our  obaervations  have  been  able  to  go.  Furtl 
observationsmayBhow  that ourimaginings  (the theory)  wasati 
picture  of  the  way  nature  works,  or  they  may  bring  to  light  m 
facts  which  are  bo  out  of  harmony  with  what  we  had  imagio 
that  we  have  to  abandon  our  former  theory  and  invent  an  e 
tirely  new  expls  11  at  the  same  time  cover  tl 

old  and  the  new  lis  last  conditioa  has  been  U 

usual  one  in  the  )  ry  of  science  shows  a  great  pi 

of  discarded  thee  ssc  was  a  good  theor>'  in  its  di 

because  it  explai  u  facta  and  thus  simplified  an 

coordinated  our  ■        Iso  predicted  the  existence  i 

other  facts  and  a  estigation  with  the  result  tbi 

our  field  of  inforii  )      itly  extended.     Judging  froi 

the  past  we  have  e'.i..j  .  on  lO  expect  that  the  future  m 
replace  many  of  our  present  theories  by  better  ones.  The  oiJ 
difficulty  about  a  false  theory  is  that  if  it  is  too  firmly  believe 
'  in,  it  blinds  one  to  obvious  facts  and  causes  others  to  be  mi 
understood,  and  so  hinders  the  progress  of  science. 

The  way  to  use  a  theory  is  to  keep  constantly  in  mind  thi 
it  is  not  a  fact  and  possibly  is  not  true,  but  to  follow  up  all  (1 
lines  of  investigation  which  it  suggests,  always  being  ready  I 
discover  that  the  facts  do  not  agree  with  the  theory.  In  particuli 
one  should  never  hesitate  to  try  a  thing  which  upon  d4^ 
grounds  promises  success  simply  because  a  theory  predie 
failure. 

Standard  of  Atomic  Weights.^Our  recently  acquired  knon 
edge  of  the  number  of  atoms  in  a  gram  atomic  weight  wou 
enable  us  to  prepare  and  use  a  table  of  the  absolute  values  of  tl 
atomic  weights  instead  of  that  given  on  p.  79,  but  these  numbe 
would  be  long  decimal  fractions  with  from  21  to  22  ciphers  befo 
thesignificant  figures,  and  hence  would  be  far  less  convenient  thl 
our  present  system  which  like  that  for  molar  weight  is  entuv 
relative,  and  therefore  necessitates  the  arbitrary  choice  of 
standard.  At  first,  hydrogen  was  taken  as  the  standard  becau 
it  has  the  smallest  combining  weight,  and  was  given  the  reUtr 
weight  of  1;  but  of  recent  years  it  has  been  decided  that  oxyp 
with  a  relative  weight  of  16  is  the  better  standard.  One  of  tl 
principal  reasons  for  this  change  to  oxygen  is  that  many  e 
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do  not  form  easily  volatile  compounds  so  that  it  is  very  difficult 
to  detemdne  their  combining  weights  from  their  minimum  weight 
per  gram  mole  of  gaseous  compounds.  Under  these  conditions, 
it  is  necessary  to  determine  the  proportions  by  weight  in  which 
the  element  of  unknown  atomic  weight  will  combine  with  one 
for  which  this  constant  is  well  known — preferably  the  standard. 
Now  hydrogen  does  not  form  stable  compounds  with  many  of 
the  other  elements,  while  oxygen  does.  Therefore  oxygen  is  the 
better  for  a  standard  substance.  Of  course  the  weight  of  an 
delnent  which  will  combine  with  16  grm.  of  oxygen  will  not  give 
u  directly  the  atomic  weight  of  the  element  unless  just  one  atom 
of  it  combines  with  one  atom  of  oxygen;  but  in  any  event  the 
vei^t  per  16  grm.  of  oxygen  beara  some  very  simple  relation  to 
the  atomic  weight — i.e.,  it  is  twice  the  atomic  weight  if  two  atoms 
of  the  unknown  combine  with  one  of  oxygen,  or  one-half  it  if  two 
ttomg  of  oxygen  combine  with  one  atom  of  the  other.  There  is 
a  nther  inexact  law  known  as  that  of  Dulong  and  Petit  which 
ttates  that  the  product  of  the  atomic  weight  of  a  solid  element 
ud  its  specific  heat  expressed  in  calories  is  approximately  equal 
to  the  constant  6.2.  The  deviations  from  this  number  are  rather 
Inge,  especially  for  the  non-metallic  elements  of  low  atomic 
"oght,  but  in  nearly  all  cases,  the  value  of  the  atomic  weight 
obtained  by  determining  the  specific  heat  and  dividing  this  into 
&■!  it  nearly  enough  correct,  so  that  it  will  enable  us  to  determine 
the  real  value,  from  the  weight  which  will  combine  with  16  grm. 
of  oiygen.  For  example,  the  specific  heat  of  magnesium  is  0.245 
Ud  this  divided  into  6.2  gives  25.3  as  the  approximate  atomic 
««ght  of  magnesium.  But  24.32  grm.  of  magnesium  will  com- 
bine with  16  grm.  of  oxygen  and  therefore  the  atomic  weight  of 
ougaeahmi  must  be  24.32.  For  silver  the  case  is  a  little  more 
complex.  The  specific  heat  of  silver  is  0.057  and  this  divided 
nto  6.2  ^ves  109  as  the  approximate  atomic  weight  of  silver. 
But  21S.76  grm.  of  silver  will  combine  with  16  grm.  of  oxygen. 
Snee  215.76  is  so  nearly  twice  109,  it  is  evident  that  in  this  case 
t«D  atoms  of  silver  combine  with  one  of  oxygen,  and  that  the 
•tomic  weight  of  silver  is  2i5  '^  =  107.88.  It  cannot  be  too 
itmngly  emphasized  that  these  atomic  weights  are  ratio  numbers, 
and  that  they  or  their  integral  multiples  represent  the  propor- 
tioDB  by  weight  in  which  the  elements  combine. 
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Symbols  and  Formulas, — In  order  to  save  time  and  also  fo 
the  sake  of  securing  a  convenient  method  for  the  representatioi 
of  the  composition  of  substances,  a  system  of  symbols  hai 
been  devised  which  shall  at  the  same  time  represent  the  element) 
and  the  atomic  weights  of  the  elements,  and  which  by  com- 
bining the  symbols  of  the  elements  shall  represent  the  ct>mpouQd9, 
the  molecular  weig  k     >      ounds  and  their  composition. 

This  system  was  uevised  l       celebrated  Swedish  chemist 

Berzelius.     The   symbols   lor  elements   are   derived  froffi 

the  names  of  the  elements,  usinf  le  Latin  or  Greek  word  wheie 
there  is  a  difTerence  in  the  nan  as  we  pass  from  language  U 
language.  In  most  cases  the  sy  ibo!  is  the  first  letter  of  the 
name,  for  example,  the  symbols  jf  oxygen  and  hydrogen  we 
O  and  H  respectively.  In  cast  :he  names  of  more  than  one 
element  begin  with  the  same  letter,  the  symbol  of  the  element 
is  formed  from  this  initial  letter  and  a  characteristic  letter  from 
the  name.  Take  for  example  chlorine  with  the  symbol  CI. 
The  first  letter  of  tlie  syiiibii'l  in  ahiaij«  a.  capital  and  the  second 
is  aiways  a  small  letter.  In  addition  to  representing  the  element 
ODe  of  these  symbols  also  stands  for  an  atomic  weight  of  the  ele- 
ment, and  so  represents  a  certain  number  of  parts  by  wei^t  d 
the  element.  0  stands  for  oxygen,  and  16  parts  by  wei^t  of 
oxygen;  H  for  hydrogen,  and  1.008  parts  by  weight  of  hydrogen; 
CI  stands  for  chlorine,  and  35.46  parts  by  weight  of  chlorine. 

Hydrogen  and  chlorine  combine  to  form  hydrogen  chlorids 
ia  the  proportion  of  1.008  parts  by  weight  of  hydrogen  to 
35,46  parts  by  weight  of  chlorine,  or  of  one  atomic  weight  ol 
the  one  element  to  one  of  the  other.  This  ia  the  compoflition 
of  hydrogen  chloride  and  both  hydrogen  chloride  and  its  com- 
position can  be  represented  by  writing  the  symbols  of  the  elft- 
ments  close  together,  viz.,  HCl.  This  HCI  stands  firat  foi 
hydrogen  chloride;  second  for  a  mole  of  hydrogen  chloride,  thai 
is,  36.468  parts  by  weight  of  the  substance;  third  it  shows  thai 
a  mole  of  hydrogen  chloride  is  formed  by  the  combination  (^ 
one  atomic  weight  of  each  of  the  elements,  or  of  1.008  parte  bj 
weight  of  hydrogen  to  35.46  parts  of  chlorine.  The  sum  of  thea 
atomic  weights  gives  the  molecular  weight  or  the  parts  by  weigb* 
of  the  hydrogen  chloride  represented  by  the  formula  HCl. 

Water  ia  formed  by  the  union  of  2.016  parts  by  weight  o 
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The  formulas  of  the  elemeots  are  obtained  by  applying  the 
iuciples  in  the  section  on  Symbols  and  Formulas.  An  inspec- 
on  of  the  third  and  fourth  columns  of  the  table  shows  that  the 
boms  of  an  element  are  usually  not  identical  with  its  molecules, 
ut  that  one  of  the  latter  is  generally  made  up  by  the  union  of 
wo  or  more  atoms.  For  example,  the  molecule  of  oxygen  con- 
uns  two  atoms  of  oxygen  and  has  a  formula  of  Oi.  At  first 
oght,  it  might  appear  that  this  is  due  to  our  choice  of  oxygen 
u  the  standard  substance  for  both  atomic  and  molecular 
vdghts,  and  arbitrarily  giving  it  an  atomic  weight  of  16  and  a 
Qidecular  weight  of  32;  and  that  if  we  bad 'called  it  16  in  each 
ow,  that  the  atom  and  the  molecule  would  have  been  identical. 
But  the  following  reasoning  will  show  that  the  atom  cannot  be 
tfae  same  as  the  molecule.  Hydrogen  and  oxygen  combine  to 
lonn  water  in  the  proportion  of  two  volumes  of  hydrogen  to  one 
of  oxygen,  (see  p.  67)  forming  two  volumes  of  water  vapor. 
H  we  take  as  the  unit  of  volume  the  volume  of  one  gram'  mole — 
^,400  c.c.  under  standard  conditions — we  will  have  the  following 
votume  and  weight  relations: 
2  X  22,400  C.C.  of  hydrogen  +  22,400  c.c.  oxygea  =  2  X  22,400 

CO.  water  vapor. 
2  X  2.016  grm.  of  hydrogen  +  32  grm.  oxygen  =  2  X  18.016 
pm.  water  vapor. 
Tben  2  grm.  moles  of  hydrogen  react  with  1  grm.  mole  of  oxygen 
to  form  2  gram  moles  of  water  vapor;  but  each  gram  mole  of  a 
rabetance  on  the  basis  of  Avogadro's  hypothesis  contains  the 
"Vne  number  of  molecules.  Therefore  there  are  just  twice  as 
"luy  molecules  of  water  as  there  are  molecules  of  oxygen, 
'^assumed  indivisibility  of  atoms  makes  it  impossible  to  assume 
tlitt  a  molecule  of  water  contains  less  than  one  atom  of  oxygen ; 
"fiKe  if  a  molecule  of  water  contains  one  atom  of  oxygen,  a 
■noleoile  of  oxygen  must  contain  two  atoms.  Therefore  if  the 
atomic  weight  of  oxygen  is  taken  as  16,  its  molecular  weight  must 
*32.  This  then  is  the  basis  for  the  apparently  arbitrary  choice 
w32aa  the  molar  weight  of  oxygen  (p.  68). 

Chemical  Equations, — Aa  was  said  above,  two  atomic  weights 
"foyiirogen  unite  with  one  of  oxygen  to  form  a  mole  of  water; 
"M  can  be  very  well  shown  with  the  aid  of  symbols  as  follows; 

Hi  +  O  =  H,0 
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and  the  equatioD  wiQ  holl 

es  of  hydrogen  will  combine 
two  volumes  of  water  vapM, 
nole  of  oxygen  will  give  tvo 
ing  this  we  shall  have  to  nR 
thing.  Now  the  moleeulM 
re  twice  their  atomic  weights 
I  and  Oi  respectively.    W« 


and  this  is  an  example  of  a  chemical  equation.  A  chemici 
equation  ia  a  very  simple  shorthand  method  of  representinj 
a  chemical  reaction  quantitatively.  For  example,  the  aboi 
equation  shows  that  2.016  parts  by  weight  of  hydrogen  wil 
combine  with  16  parts  by  weight  of  oxygen  to  form  18.011 
parts  by  weight  of  water.  The  unit  of  weight  may  be  the 
pound  or  any  other 
just  the  same. 

We  have  learned 
with  one  volume  of  o 
or  two  moIeB  of  hydi 
moles  of  water  vapor 
the  molecular  forn 
weights  of  hydrogen  anK 
80  their  molecular  formi 
may  show  that  two  moles  of  hydrogen  combine  with  one  of  oxypo 
thus, 

2Hs  +  Oi  =  2HiO 

This  is  read  "two  moles  of  hydrogen  combine  with  one  mote 
of  oxygen  to  give  two  moles  of  water  vapor."  The  coefficienia 
or  numbers  before  the  formulas  show  the  number  of  moles  taking 
part  in  the  reaction,  while  the  subscripts  show  the  number  of 
atomic  weights  of  that  element  per  mole.  The  coefficients 
therefore  multiply  every  symbol  in  the  formula  which  thef 
stand  before,  as  for  example,  2H3O  represents  2  moles  of  water 
of  2  X  2  atomic  weights  of  hydrogen  and  2X1  atomic  weights  of 
oxygen.  On  either  side  of  the  above  equation  there  are  repre- 
sented then,  four  atomic  weights  of  hydrogen  and  two  of  oxygen. 
This  is  the  proof  that  the  equation  is  properly  "balanced.' 
There  are  two  main  principles  involved  in  writing  these  equ»- 
tions.  First,  the  formulas  separated  by  +  should  be  molecular 
formulas,  and  second,  there  must  be  the  same  number  of  atomic 
weights  of  any  given  element  on  either  side  of  the  equation,  since 
otherwise  we  would  be  indicating  a  deviation  from  the  la~  "' 
the  conservation  of  weight.  The  advantage  of  writing  molt 
formulas  lies  in  the  fact  that  since  gram  moles  of  gssea  oci. 
equal  volumes  under  like  conditions  we  can  tell  at  once  ti. 
proportion  by  volume,  from  a  simple  inspection  of  the  numbt 
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loles  of  the  one  that  reacts  with  the  other.  The  proportioiiB 
rolume  in  which  gases  react  are  given  by  the  coefficients  in 
molecular  equation  for  the  reaction. 

Hieo  one  of  these  equations  is  first  worked  out,  it  must  be 
ad  by  experiment  just  what  things  are  formed  by  the  sub- 
ices  which  react  and  the  proportions  by  weight  of  everything 
olved  in  the  process.  There  is  no  other  way  of  doing  it.  We 
st  know  what  is  brought  together  and  what  is  formed  before 
can  represent  it  by  symbols.  Students  often  think  that  they 
1  to  grasp  the  idea  of  equations  because  they  cannot  write 
mi  symbols  and  formulas  for  a  number  of  substances  on  one 
le  of  the  equation  and  then  tell  by  some  rule  what  to  put  on 
Bother,  or  else  they  jump  to  the  other  extreme  and  think' that 
e  symbols  can  be  combined  in  any  way  at  the  fancy  of  the 
iter.  But  the  truth  of  the  matter  is  that  only  certain  Bub- 
wxs  are  formed  from  certain  other  ones,  and  one  must  know 
mt  these  are  and  then  represent  them.  Every  equation  then 
presents  the  results  of  actual  experiment.  It  will  be  recalled 
at  water  and  sodium  react  and  form  sodium  hydroxide  and 
'dn^n.  The  sodium  hydroxide  contains  per  mole  23  parts  by 
ngkt  of  sodium,  16  of  oxygen,  and  1.008  of  hydrogen.  Its 
nnula  then  is  NaOH  and  the  molecular  weight  is  a  Uttle  over 
•■  We  find  by  experiment  that  when  36.032  grm.  of  water 
act  on  46  grra.  of  sodium  that  2.016  grm.  of  hydrogen  and 
1.016  grm.  of  sodium  hydroxide  are  formed.  We  may  represent 
>u  by  the  following  equation, 

2H,0  +  2Na  =  H,  +  2NaOH 

Id  studying  the  properties  of  substances  it  is  very  essential  to 
UT]  with  what  other  substances  they  will  react  and  the  sub- 
Wcea  formed.  It  is  not  necessary  to  learn  in  what  propor- 
nu  they  react  as,  given  the  other  information,  the  proportions 
1  be  reasoned  out  from  the  rules  for  balancing  which  were 
tea  above. 

Knowing  the  substances  and  their  weights  we  can  write  the 
nation,  or  given  the  equation  we  can  work  out  the  weights 
m  the  atomic  weights. 


^^^^H 

CHAPTER  VII 

'™"""''""  "EROXmE 

Hydrogen  and  ox                        iue  in  the  ratio  of  one  part  1 
weight  of  hydroReo                            by  weight  of  oxygen,  and 
no  other  ratio  wheL                        form  water.     However,  thi 
will  combine  in  a            ■.•±<.  ■          rtion  for  the  formation  of  i 
entisely  distinct  su                          as  hydrogen  peroxide.    Tl 
ratio  in  this  case  ia  0-                      ;ht  of  hydrogen  to  IS-SSCpsi 
by  weight  of  oxygen.                        compare  the  parts  by  weig 
of  the  oxygen  in  the  two  compounds  which  wiE  combine  wi 
one  part  of  hydrogen  we  see  that  they  stand  to  each  other  as  I : 

7.943  :  15.886  =  1:2 

This  is  the  first  time  that  we  have  found  a  really  simple  va0^ 
relationship  and  this  you  will  notice  is  the  ratio  between  tBJ 
weights  of  the  one  element  which  will  combine  with  unit  weigb^ 
of  the  other  element  in  the  two  compounds.  This  sort  of  a  simply 
Weight  relation  has  been  found  to  be  so  common  that  a  law  h* 
been  formulated  to  describe  it. 

The  Law  of  Multiple  Proportions. — //  two  elements,  whicJi  K! 
may  represent  by  A  and  B,  combine  to  form  more  than  one  atiA^ 
pound  then  the  number  of  grama  of  A  which  combine  mth  tm 
gram  of  B  in  the  first  compound  will  stand  to  the  number  of  ffrniq 
of  A  per  gram  of  B  in  each  of  the  other  compounds  in  the  propo^ 
tions  of  whole  numbers  and  usually  these  numbers  are  small  (Wtf^ 

Hydrogen  and  oxygen  always  combine  in  one  fixed  ratio  W 
the  formation  of  water,  and  in  another  equally  fixed  for  the  I* 
mation  of  hydrogen  peroxide,  so  the  law  of  definite  proportio* 
describes  the  composition  of  each  of  these  compounds  and  tl 
law  of  multiple  proportions  applies  to  the  two  taken  together. 

Preparation  and  Properties  of  Hydrogen  Peroxide. — Hydro^ 
peroxide  is  prepared  in  a  number  of  ways,  but  the  greater  pa^ 
of  that  used  is  made  by  the  action  of  dilute  sulfuric  acid  upO^ 
hydrated  barium  peroxide,  bariimi  sulfate  being  formed  at  tSl 
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iBXDe  time.    It  is  not  practical  to  prepare  it  directly  from  the 
slementa  although  minute  quautities  are  formed  by  allowing  the 
Bame  of  an  oxy-hydrogen  blowpipe  to  play  upon  ice.    The 
hydrogen    peroxide   prepared   by   the   interaction   of   barium 
peroxide  aud  sulfuric  acid  is  present  in  a  dilute  solution  with 
irater.    To  prepare  pure  hydrogen  peroxide  is  not  easy,  but  the 
,  tneUiod  usually  adopted  depends  upon  the  fact  that  hydrogen 
pfnndde  is  less  volatile  than  water,  so  that  if  a  mixture  of  the 
Wo  be  distilled,  relatively  more  of  the  water  than  of  the  hydro- 
peroxide will  pass  off,  and  the  residue  will  contain  more  and 
re  hydrogen  peroxide  per  cubic  centimeter.     By  repeating  the 
.  {neesB,    nearly    pure    hydrogen    i>eroxide    may   be    obtained, 
^rdrogen    peroxide  is  rather  unstable  and  decomposes  into 
mia  and  oxygen.    This  reaction  like  nearly  all  others  goes 
■ore  rapidly  at  high  temperatures  than  at  lower  ones,  there- 
lore  the  process  of  distillation  is  carried  out  under  diminished 
ptisure  because.this  lowers  the  boiling-point. 

Hydrogen  peroxide  is  a  rather  thick,  syrupy  Uquid  which  has 
avery  faint  greenish-blue  color  somewhat  more  intense  than  that 
ft  water.  Its  density  at  0°C.  is  1.48.  It  melts  at  -2°  and 
boils  at  69*  under  a  pressure  of  2.6  cm.  of  mercury.  Its  boiling- 
point  under  atmospheric  pressure  is  not  known  as  it  decomposes 
vith  explooon  before  it  boils.  It  is  odorless  and  has  an  astrin- 
Soot  bitter  taste.  It  is  soluble  in  water  in  all  proportions  and 
^  lolution  looks  like  water.  This  solution  slowly  decomposes 
into  water  and  oxygen  and  keeps  best  in  the  dark,  in  a  cool  place, 
■nd  when  it  contains  a  little  acid.  This  transformation  seems 
tqwcially  sensitive  to  the  presence  of  foreign  substances  which 
■fter  the  completion  of  the  process  are  found  unchanged.  These 
nbitances  are  therefore  catalyzers.  The  following  is  a  partial 
liBt  d  the  catalyzers  of  the  decomposition  of  hydrogen  peroxide; 
oiurcoal,  silver,  gold,  platinum,  manganese  dioxide,  potassium 
■Dd  sodium  hydroxides,  saliva,  and  blood.  The  solid  substances 
BUitioned  act  the  more  v^orously  the  fioer  they  are  powdered. 
A  3  per  cent,  solution  is  a  standard  article  of  commerce.  It 
1  often  called  a  lO-volume  solution  from  the  fact  that  it  will 
eri^Te,  when  all  the  hydrogen  peroxide  is  decomposed,  about 
I  tea  times  ite  volume  of  oxygen.  This  solution  will  rapidly 
(introy  bacteria,  and  hence  is  much  used  as  a  disinfectant. 
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Ozidiziog  Action  of  Hydrogen  Peroxide. — Since  hydrogen  p 
oxide  gives  up  part  of  its  oxygen  so  easily  that  it  will  do  it  ei 
at  ordinarj'  temperatures,  it  seems  very  natural  to  expect  tt 
it  will  be  al>te  to  give  it  up  to  other  things  which  can  combine  wi 
oxygen  anit  thus  oxidize  them.  Upon  trial  this  is  found  to 
the  case,  and  this  action  is  exhibited  more  strongly  bs  t 
hydrogen   perox  -e   concentrated;   that  is,  tl 

greater  the  weigl  e  per  cubic  centimeter.     If  til 

pure  hydrogen  [ht  in  contact  with  many  in 

flammable  suba,  are  oxidized  so  rapidly  thi 

they  ignite  spon\  lotutions  are  much  less  inten* 

in    their    action  i  activity  aa  the   dilution  i 

increased. 

Substancct  wl  >  oxygen  to  other  substance 

in  the  way  that  nyorogen  peiv~ide  does  are  called  osidiiin 
agents.  Aa  we  shall  sec  later,  oxidizing  agents  can  do  man 
things  besides  give  up  oxygen  to  other  substances,  but  this  i 
one  of  the  things  which  they  may  do,  and  must  be  kept  in  nun 
until  finally  we  come  to  a  definition  of  an  oxidizing  agent  wbic 
will  cover  all  cases.  Other  oxidizing  agents  are  like  hydrt^ 
peroxide,  in  that  they  act  more  vigorously  as  their  concentratio 
increases.  Because  of  its  action  as  an  oxidizing  agent,  hydrogi 
peroxide  is  able  to  change  many  organic  coloring  matters  in' 
colorless  substances,  and  it  is  therefore  used  for  bleaching  hii 
feathers,  ivory,  sUk,  wool,  bones,  leather,  etc.  For  this  purpo 
fairly  dUute  solutions  are  used. 

Reducing  Action  of  Hydrogen  Peroxide. — When  hydrog 
peroxide  acts  upon  many  oxides  such  as  those  of  silver,  go 
and  mercury,  the  metals,  water  and  oxygen  are  produced.  T 
process  of  obtaining  a  metal  from  its  oxide  is  an  exajnple 
reduction,  and  hence  hydrogen  peroxide  acts  in  these  cases 
a  reducing  agent.  Potassium  permanganate  is  also  reduced  I 
hydrogen  peroxide  and  in  this  case  again  oxygen  is  evolved. 

Determination  of  the  Holecular  Weight  of  Hydrogen  Pennid 
— Hydrogen  peroxide  is  so  unstable  that  it  is  not  possible 
determine  its  molecular  we^bt  from  its  gaseous  density,  but  i 
course  must  be  had  to  an  entirely  different  method  called  t 
"  Freezing-point  Method." 

It  will  be  recalled  that  mention  has  been  made  of  the  U 
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i  that  any  dissolved  subatance  lowers  the  freezing-point  of  water, 
tad  also  that  gram  moles  of  the  various  substances  produce  equal 
physical  effects.  Experiment  has  shown  that  if  a  gram  mole 
of  substance  be  dissolved  in  1,000  grm.  of  water,  the  freezing- 
point  of  the  water  is  lowered  1.85°C.  This  then  furnishes  a 
'  iMdy  method  for  the  determination  of  the  molecular  weight  of 
in^  substances  as  hydrogen  peroxide  which  cannot  be  vapor- 
bed  without  decomposition.  The  molecular  we^ht  of  a  sub- 
tUoce,  with  some  exceptions,  as  noted  below,  is  identical  with 
tbe  number  of  grams  of  the  substance  required  to  lower  the 
frceiing-point  of  1,000  grm.  of  water  I.85°C. 

Any  convenient  weight  of  the  solute  and  of  water  may  be 
used  and  the  molecular  weight  of  the  solute  calculated  from 
the  equation, 

in  which  "M"  represents  the  molecular  weight  of  the  solute, 
"w"  the  weight  of  the  solute,  "W"  the  weight  of  the  water, 
"L"  the  lowering  of  the  freezing-point. 

The  molecular  weight  of  hydrogen  peroxide  determined  in  this 
v>y  comes  out  close  to  34. 

Under  the  discussion  of  water  it  was  pointed  out  that  solutes 
lowered  the  vapor  pressure  of  their  solvents  and  that  there  was 
*  eonnectioQ  between  this  fact  and  the  fact  that  the  solutions 
fnie  at  lower  and  boiled  at  higher  temperature  than  their 
pure  solvents.  From  these  facts,  one  would  be  led  to  expect 
tbt  there  would  be  a  constant  rise  in  the  boiling-point  of  water 
per  gram  mole  of  solute  per  1,000  grm.  of  water,  because  gram 
tuoles  are  in  the  main,  physically  equivalent.  This  is  found  to  be 
the  case.  One  gram  mole  of  a  substance  with  the  exceptions 
noted  below  will  raise  the  boiling-point  of  1,000  grm.  of  water 
0.52°C.,  and  a  method  for  the  determination  of  molecular 
weights  is  based  upon  this.    The  formula  is 


M  = 


520w 
rW 


io  which  M,  w,  and  W  have  the  same  significance  as  before,  and 
"r"  is  the  rise  in  the  boiling-point,  and  520  the  proportionality 
constant. 
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As  has  been  implied  above,  there  are  some  exceptions  to  tfii 
rule  that  a  gram  mole  will  lower  the  freezing-point  of  1,000  grm 
of  water  LSS^C  or  raise  the  boiling  point  0.52°C.  We  will 
find  later  that  these  exceptions  lead  to  very  interesting  and  iio- 
portant  conclusions.  All  these  exceptional  Eubstances  yield 
solutions  which  are  conductors  of  electricity.  Hydrogen 
peroxide  in  solution  is  a  non-conductor,  so  we  may  feel  con- 
fident that  the  molecular  weight  given  above  is  correct. 

Composition  and  Formula  of  Hydrogen  Peroxide. — Before 
the  formula  of  any  compound  can  be  worked  out  the  substanoe 
must  be  analyzed  or  synthesized  and  its  molar  weight  determined' 
From  the  data  the  formula  is  then  made  up  in  a  way  wbich 
may  be  well  illustrated  by  hydrogen  peroxide. 

The  analysis  of  hydrogen  peroxide  shows  that  it  consists 
of  5.93  per  cent,  hydrogen  and  94.07  per  cent,  oxygen. 

From  these  data  and  its  molecular  weight  34.0IC,  it  is  a  simple 
matter  to  calculate  the  number  of  parts  by  weight  of  eodi 
element  per  mole  of  the  peroxide  as  follows: 

34.016X5.93      „.,„      _^    ,  ..,,.. 
j^jjj =  2.016  parts  by  weight  of  hydrogen 

and 


100 


Since  the  atomic  weight  of  hydrogen  is  1.008  and  of  oxygen  is 
16,  it  is  evident  at  a  glance  that  there  is  in  a  mole  of  hydrogen 
peroxide  two  atomic  weights  of  hydrogen  and  two  of  oxygen 
and  therefore  its  formula  is  HiOi. 

Equation  for  the  Preparation  of  Hydrogen  Peroxide. — As  hae 
been  already  mentioned,  hydrogen  peroxide  may  be  prepared  by 
the  action  of  dilute  sulfuric  acid  upon  barium  peroxide,  barium 
sulfate  being  formed  at  the  same  time.  The  equation  for  the 
reaction  is  as  follows: 

BaO,  +  H^04=  BaSO,  +  H,Os 

in  which  BaOa  stands  for  169.37  parts  by  weight  of  bariun: 
peroxide,  HjSO,  for  98.076  parts  by  weight  of  sulfuric  acid,  BaSO. 
for  233.43  parts  by  weight  of  barium  sulfate,  and  HjOi  for  34.01( 
parts  by  weight  of  hydrogen  peroxide. 


and 


-  and 


:  oxvdiBvnS  " 
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evolved  or  absorbed,  evolution  being  indicated  by  a  plus  (+) 
sign  and  abaorption  by  a  minus  (  — ). 

To  illustrate  this,  let  us  consider  the  heat  efiect  accompanyinf 
the  burning  of  hydrogen  to  form  water.  For  every  gram  mole 
of  water  produced  68,400  calories  or  286  kilojoules  of  heat  are 
evolved.     This  is  represented  as  foUowe: 


-  2  X  68,400  cal. 

-  2  X  286  Kj. 

Tormation  of  a  gram  mole  of 
fttion,  so  the  heat  of  forma- 
.  per  mole. 

;tion  with  thermochemical 
rhich  must  be  carefully  kept 


2H,  H 

or        2H,  H 

The  heat  effect  acci 
a  substance  is  called 
tion  of  water  is  286  A 

There  are  two  po 
equations  such  as  the 
in  mind.  The  first  one  le — lum  _>  »  certain  quantity  of  heat  ia 
evolved  during  the  formation  of  a  gram  mole  of  a  substance,  pre- 
cisely the  same  quantity  of  heat  will  be  taken  up  during  its 
decomposition.  The  second  is  that  the  heat  effect  accompanying 
a  given  transformation  depends  only  upon  the  initial  and  final 
states  of  the  substances  and  not  at  all  upon  the  intermediate 
stages  through  which  they  pass.  I 

TheHeatof  Formation  of  Hydrogen  Peroxide. — Since  hydrogen 
and  oxygen  combine  with  auch  difficulty  to  produce  hydrogen 
peroxide  it  is  not  possible  to  determine  the  heat  of  formation 
of  this  substance  by  direct  measurement.  This  magnitude  may, 
however,  be  calculated  by  taking  advantage  of  the  facts  pointed 
out  above.  Hydrogen  peroxide  spontaneously  decomposes  into 
water  and  oxygen,  and  the  heat  effect  belonging  with  this  change 
may  be  easily  measured.  It  is  97  Kj,  or  23,100  cal.  per  mole  of 
peroxide  transformed.     The  equation  is 

2H,0,  =  2H,0  +  Oj  +  2  X  97  Kj.  (I) 

From  what  has  been  said  above  and  the  law  of  the  conservation 
of  energy,  it  follows  that  if  oxygen  and  water  should  unite  to  form 
hydrogen  peroxide  that  97  Kj.  of  heat  would  be  absorbed  for 
each  gram  mole  of  peroxide  formed,  the  equation  being  ' 

2HjO  +  Oj  =  2H,0»  -  2  X  97  Kj.  (11) 

The  heat  of  formation  of  the  peroxide  from  oxygen  and  water 
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therefore  is  —  97  Kj.  To  obtain  the  heat  of  formatioa  from  the 
elementa,  all  that  is  neceesary  is  to  add  to  the  above  number 
the  heat  of  formation  of  the  water.  In. fact  these  thermochemical 
equ&tiona  may  be  handled  like  ordinary  algebraical  equations. 
To  equation  (II)  may  be  added  the  equation  for  the  formation 
of  water  and  the  result  will  be  the  equation  for  the  formation 
of  the  peroxide  from  its  elements. 

2H.0  +  ,0,  -  2H,0,  -  194  Kj.  \  (11) 

2H,    +  Oi  =  2H,6  +  572  Kj. 
2H,  +  20.  +  2H,0  -  2H,0,  +  2H,0  +  378  Kj. 
or  2H,  +  20,  =  2H,0,  +  2  X  189  Kj. 

So  the  heat  of  formation  of  hydrogen  peroxide  is  189  Kj.  or 
45,300  cal.  per '  gram  mole.  Of  course  the  thermochemical 
equations  expressed  in  cal.  may  be  substituted  for  those  in  Kj. 
and  the  figure  45,300  will  then  be  obtained  directly. 

The  method  applied  here  is  a  general  one  for  calculating  the 
heat  effects  which  cannot  be  directly  measured. 


CHAPTER  VIII 
CHLORINE 

The  third  li  we  will  discuss  is  chlorine, 

element  does  le  in  nature  but  is  found  in  ver; 

quantities  in  nuch  as  sodium,  potassium,  an< 

nesium  chlori  lent  itself  and  many  of  its  com] 

are  of  very,gr  ■;  not  only  in  the  chemical  indi 

but  also  in  'he  sodium  chloride,   Na 

example,  is  l  ind  we  all  know  how  inc 

sable  this  is.     .  lUt^  is  found  in  encirmous  quQ 

in  beds  of  rock  salt  at  many  places  on  the  earth's  surfa 
is  present  in  still  larger  quantities  in  the  ocean. 

Chlorine  was  first  prepared  by  Scheele  in  1774,  but  that 
an  element  was  first  shown  by  Sir  Humphrey  Davy  in  IS: 

Preparatioa  of  the  Element. — There  are  a  few  chloride: 
as  those  of  gold  and  platinum,  which  will  decompose  into  cl 
and  the  metals  upon  being  raised  to  a  high  temperature,  bu 
.  chlorides  are  so  expensive  and  difficult  to  make  that  chk 
practically  never  prepared  in  this  way.  The  preparat 
chlorine,  then,  resembles  that  of  hydrogen  more  nearly  the 
of  oxygen,  in  that  a  compound  of  chlorine  is  treated  witl 
substance  which  will  convert  the  rest  of  the  chlorine  com 
into  a  substance  which  will  readily  take  on  a  different  pi 
state  from  that  of  the  gaseous  chlorine  and  hence  □: 
easily  separated  from  this  element.  Chlorine  may  also  bi 
ated  by  electrolysis  of  solutions  of  soluble  chlorides  very 
as  hydrogen  and  oxygen  may  be  prepared.  In  the  case 
electrolysis  of  the  chlorides,  chlorine  is  given  off  at  one  elei 
and  either  hydrogen  or  the  metal  of  the  chloride  is  depos 
the  other. 

The  most  suitable  substance  for  the  chemical  preparai 
chlorine  seems  to  be  hydrochloric  acid,  a  compound  of  cl 
and  hydrogen  whose  formula  is  HCl.  From  this  hyi 
chloride  or  hydrochloric  acid,  we  can  easily  prepare  chloi 
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converting  the  hydrogen  into  water.  This  may  be  done  in  Beveral 
ways.  Gaseous  hydrogen  chloride  mixed  with  oxygen  or  air  may 
be  passed  through  a  tube  containing  clay  balls  or  pieces  of  pimiice 
Btone  coated  with  copper  chloride  or  sulfate,  heated  to  370°  to 
iWC.  Under  these  conditions  water  and  chlorine  are  produced 
according  to  the  equation, 

4HC1  +  Oi  =  2H,0  +  2C1» 
The  copper  salt  acts  as  a  catalyzer. 

When  air  is  used  the  product  is  of  course  greatly  contaminated 
vith  nitrogen,  as  well  as  unchanged  hydrogen  chloride  and 
•nygen,  so  that  the  method  is  not  suitable  for  laboratory  purposes, 
^t  was  formerly  largely  used  for  the  commercial  preparation  of 
eUorine,  and  is  known  as  the  Deacon  Process. 

Ofiier  Methods. — The  preparation  of  chlorine  from  hydrogen 
chloride  belongs  to  the  processes  which  we  call  oxidation,  and 


^^gen  here  is  the  oxidizing  agent.  Other  oxidizing  agents,  if 
Y^^ciently  powerful,  may  be  used  in  the  place  of  oxygen.  Among 
^^  which  are  convenient  may  be  mentioned  manganese  dioxide, 
^i^Ot,  potassium  chlorate,  KCIOg,  potassium  permanganate, 
"^^InO*,  and  bleaching  powder,  CaCliO.  Each  of  these  sub- 
'^^Jices  when  treated  with  hydrochloric  acid  will  oxidize  the 
'^tter  to  water  and  chlorine. 
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A  very  commonly  used  laboratory  method  for  the  preparatiM 
of  chlorine  is  to  gently  heat  a  mixture  of  manganese  dioxidi 
with  four  times  its  weight  of  commercial  hydrochloric  acid  (fig 
19),  The  liquid  first  turns  brown  and  then  gives  off  greeoiab 
yellow  gaseous  chlorine.  After  the  reaction  is  finished,  tlu 
solution  contains  manganous  chloride,  MnCU.     The  equation  i 

MnOi  ■  MnUi  +  2H|0 

It  seema  to  be  ver;  e  reaction  goes  in  two  stage! 

first  forming  watt  tetrachloride,  MnCU,  whicl 

is  dark  colored,  ;  trachloride  decomposes  inh 

the  lighter  colored  ide,  MnCli,  and  chlorine,  Qi 

The  equations  repi  ild  be                                      | 

M  nCU  +  2H,0 

and     ■  [nCl,  +  CU 

Instead  of  starting  with  hydrochloric  acid  and  manganes 
dioxide  one  may  form  the  hydrochloric  acid  from  salt  and  sill 
furic  acid  and  oxidize  it  with  manganese  dioxide  right  in  thi 
same  vessel.  To  do  this  one  warms  a  mixture  of  common  sal 
and  manganese  dioxide  with  moderately  dilute  sulfuric  acid 
The  chlorine  comes  off  very  regularly,  and  at  a  convenient  rat« 
so  that  this  modification  of  the  first  method  is  often  used.  Th 
equation  is 
2NaCl  +  MnOs  +  SHSO,  =  MnSO,  +  2NaHS0,  +  Clj  +  2H,( 

Perhaps  the  most  convenient  laboratory  method  for  the  prepa 
ration  of  chlorine  is  to  allow  hydrochloric  acid  to  fall  drop  b; 
drop  upon  solid  potassium  permanganate,  KMnOt.  The  actio 
takes  place  promptly  and  at  ordinary  temperatures.  Watei 
manganous  chloride,  potassium  chloride,  and  chlorine  are  th 
products.     The  equation  is 

2KMn04  +  16HC1  =  8H,0  +  2Mna.  +  2KC1  +  5C1, 

A  very  important  method  which  is  much  used  both  in  the  labors 
tory  and  technically  is  to  treat  bleaching  powder,  CaCliC 
with  hydrochloric  acid.  Water,  calcium  chloride,  CaCli,  an 
chlorine  are  the  products.    The  equation  is 

CaCliO  +  2Ha  =  HiO  +  CaCIi  +  CI, 
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It  Bhovld  be  noted  that  in  eack  of  the  above  cases  liquid  water, 
non-volaiile  salt  or  salia,  and  gaseous  chlorine  are  formed.  Thi» 
ifference  of  state  makes  it  easy  to  isolate  the  chlorine. 
Technical  Preparation. — Each  of  the  above-mentioned  methods 
or  the  preparation  of  chlorine,  together  with  many  others,  has 
■een  used  on  a  manufacturing  scale,  but  at  the  present  time 
lie  greater  part  of  the  chlorine  of  commerce  is  produced  by  the 
dectrolysis  of  solutions  of  sodium  or  potassium  chloride  see 
fig.  52,  p.  281.  The  anode  or  positive  electrode  where  the 
lUorine  appears  is  usually  made  of  graphite  because  almost 
inxythiDg  else  is  attacked  by  the  chlorine.  At  the  cathode  or 
pegative  electrode  bydrt^en  is  given  off  and  sodium  or  potassium 
aydroxide  is  formed  in  solution.  The  process  takes  place  as 
Ihough  metallic  sodium  or  potassium  were  liberated  at  the 
cathode  and  then  at  once  reacted  with  the  water  for  the  formation 
of  hydrogen  and  sodium  or  potassium  hydroxide. 

Physical  Properties. — At  ordinary  temperatures  chlorine  is 
ft  peenish-yellow  gaseous  substance  whose  density  is  0.0032215 
tod  whose  uncorrected  molecular  weight  is  72.13.  Chlorine 
does  not  follow  the  gas  laws  very  closely,  a  fact  which  is  connected 
tifli  the  circumstance  that  it  is  very  easily  converted  into  a  liquid 
ather  by  cooling  it  to  — 33.6'C.  under  a  pressure  of  one  atmos- 
phere, or  by  putting  it  under  a  pressure  of  3.66  atmospheres  at 
0°C.  or  of  6.62  atmospheres  at  io'C.  The  critical  temperature 
it  146°  and  the  critical  pressure  94  atmospheres.  After  correcting 
'or  its  deviations  from  the  gas  laws  the  molecular  weight  of 
chlcmne  is  found  to  be  70.92. 

liquid  chlorine  has  a  greenish-yellow  color,  a  density  of  1.56, 
ud  is  of  an  oily  consistency.  At  — 102°  the  liquid  freezes  to 
yellow  crystals  of  solid  chlorine. 

Gaseous  chlorine  is  soluble  in  about  half  its  volume  of  cold 
water  but  is  much  less  soluble  in  hot.  Because  of  its  solubility 
in  C(dd  water  and  the  fact  that  it  attacks  mercury  with  great 
ngor,  chlorine  must  be  collected  over  hot  water  or  by  displace- 
ttieiit  <rf  air.  The  latter  is  the  more  convenient,  and  since  chlorine 
B  nearly  2.5  times  as  heavy  as  air,  it  is  easily  carried  out. 

Chlorine  has  a  very  disagreeable  odor,  is  exceedingly  irritating 
to  the  mucous  membrane  of  the  throat  and  nose  and  has  often 
poduced  death. 
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Chemical  Properties.— The  atomic  weight  of  chlorine  is  35.4( 
and  its  corrected  molecular  weight  is  twice  this,  so  there  an 
two  atomic  weights  per  mole  and  the  formula  is  Cli.  Cbloriui 
is  a  rather  more  active  element  than  oxygpn  and  combines  with 
almost  all  the  other  elements  to  form  compounds  called  chlorides, 
In  many  cases  the  combination  takes  place  with  the  production 
of  light  and  heat,        '  nblea  the  combustion  of  Bub- 

stances  in  oxygen.  the  resemblance  that  we  tili 

the  phenomena  c  rine.     In  fact  chlorine  reacli 

so  vigorously  wit!  her  substances  that  they  wiH 

take  fire  spontant  duced  in  the  gas  at  ordinaijr 

temperatures.     A  ese  is  mentioned  thin  copper  foil, 

phosphorus,  and  P'  in^         ly.     In  each  case  a  chloride  is 

formed. 

When  completely  dry,  chlori>i<^  i  much  less  active  than  wbeo 
moist,  and  carefully  dried  liquid  chlorine  is  now  an  article  oi 
commerce,  being  sold  in  strong  steel  cylinders  lined  with  lead 
or  bronze.  One  of  the  most  important  chemical  properties  o) 
chlorine  is  that  it  is  able  to  destroy  many  coloring  substancfS. 
and  it  is  therefore  extensively  used  as  a  bleaching  ^^t  ii 
the  cotton  and  paper  industries.  It  bleaches  only  in  the  pie» 
ence  of  water,  and  is  not  able  to  destroy  many  of  the  minen 
dyes  nor  black  tints  due  to  carbon  in  the  form  of  lamp  black 
Chlorine  makes  all  animal  fibers  very  weak  and  therefore  canno' 
be  used  to  bleach  wool  or  silk. 

It  is  a  very  powerful  disinfectant  and  is  much  used  to  deatro: 
bacteria. 

Chlorine  Water. — As  has  been  mentioned,  chlorine  is  fwri; 
soluble  in  water.  The  solution,  which  has  the  greenish-yelloi 
color,  the  odor,  and  taste,  and  bleaching  qualities  of  the  gas  i 
called  chlorine  water.  A  portion  of  the  gas  undergoes  a  chemics 
change  with  the  water,  forming  compounds  which  can  best  b 
discussed  later.  When  exposed  to  sunUght,  the  chlorine  die 
appears,  oxygen  is  given  off,  and  hydrochloric  acid  is  left.  Tb 
equation  is 

2H,0  +  2CI,  -  4HC1  +  Oi 

This  reaction  appears  to  be  just  the  reverse  of  that  takinj 
place  in  the  Deacon  Process,  but  there  is  this  difference  that  tht 
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eacon  Proceas  takes  place  in  the  gaseous  state,  while  this 
Des  on  in  dilute  solution;  and  under  these  circumstances  the 
ydrochloric  acid  and  oxygen  are  more  stable  than  chlorine 
nd  .water. 

The  actios  of  chlorine  upon  water  takes  place  slowly  in  the 
Urk  but  much  more  rapidly  in  the  light,  and  the  more  rapidly 
ilie  stronger  the  light.  The  different  kinds  of  light  act  quite 
Sflerently;  the  red  rays  are  almost  without  effect  while  the 
Hue,  violet  and  ultra-violet  rays  are  especially  active.  This 
■ction  of  light  is  an  example  of  what  is  known  as  photo-chemical 
Mtion. 

Chlorine  Hydrate. — When  chlorine  ia  passed  into  ice-cold 
nler,  there  aoon  separatee  out  a  greenish  crystalline  substance 
^ch  is  a  compound  of  water  and  chlorine  having  the  formula 
QrSHiO  and  is  called  chlorine  hydrate.  -It  is  a  rather  unstable 
wnpound  breaking  down  at  room  temperature  into  chlorine  and 
wter. 

Chlorine  hydrate  is  now  being  prepared  on  a  large  scale  as  one 
(rf  the  steps  in  the  process  of  manufacturing  liquid  chlorine 
frran  the  impure  gas  obtained  by  the  electrolysis  of  sodium 
w  potassium  chlorides  The  chlorine  is  cooled  to  a  low  tempera- 
^  and  exposed  to  the  action  of  a  spray  of  cold  water.  The 
hfdiate  ia  formed  thus  removing  the  greater  part  of  the  chlorine 
^  the  gaseous  mixture.  The  hydrate  decomposes  at  higher 
tBQperature  into  water  and  chlorine,  the  latter  is  dried  and  is  then 
[nctically  pure  and  ready  for  liquefaction. 

Tlie  Ntming  of  Chlorides. — As  has  been  mentioned,  thecom- 
pntnds  of  other  elements  with  chlorine  are  usually  called  chlorides, 
Pefixing  the  name  of  the  other  element  to  form  the  name  of  the 
'ompound,  as  for  example — sodium  chloride,  potassium  chloride, 
^  If,  as  is  not  infrequently  the  case,  the  same  element  will 
■nm  more  than  one  compound  with  chlorine,  it  becomes  necessary 
to  distinguish  between  these  substances.  Where  there  are  only 
'*o  of  these  compounds,  they  are  commonly  distinguished  by 
*Ai^  to  the  name  of  the  element  other  than  the  chlorine  the 
'^fnun&tions  -ous  and  -ic.  The  -ous  being  used  for  the  compound 
Kmtaining  the  smaller  and  the  -ic  for  that  containing  the  larger 
UiiouQt  of  chlorine  per  combining  weight  of  the  other  element. 
IVn  are  two  chlorides  of  iron,  the  one  FeClj  is  called  ferrous 
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chloride,  and  the  other  FeCIj  ie  called  ferric  chloride,  Siinilari 
we  have  mercurous  chloride  HgCl  and  mercuric  chloride  HgCl 
In  BOme  cases,  particularly  where  there  are  more  than  t* 
compounds  of  an  element  with  chlorine,  the  necessary  diatincUo 
is  made  by  prefixing  to  the  chloride  the  Greek  word  signifyiQ 
the  number  of  combinine  weiehts  of  chlorine  to  a  combiniiii 
weight  of  the  other  '  example  we  have  phospboni 

trichloride,  PCI] »  ihor        ?ntachloride,  PCU-     This  Bam 

system  of   nomci  is  cd  in  distiDguishing  betweei 

the  compounds  in  aaes         hich  the  same  pair  of  elementi 

unite  in  different  n  m         orm  more  than  one  compound 

■For  example,  in  t  "  of  tl        [ides  we  have  mercurous  oxide 

HgiO;  mercuric  c  -ous  oxide,  FeO;  ferric  oxidf 

FeiOij  sulphur  dioxide        %  a        lulphur  trioxide,  S0». 

Hydrogen  Chloride.'— Hydrogen  chloride  is  an  exceedingl: 
important  compound  of  chlorine.  It  may  be  formed  by  th 
direct  combination  of  tins  two  elenu'nts,  which  can  be  brougli 
about  in  a  number  of  ways  most  of  which  closely  resemble  tbos 
which  will  induce  the  combination  of  hydrogen  and  co^ei 
For  example,  a  stream  of  hydrogen  will  bum  in  an  atmospbei 
of  chlorine  much  as  in  air  except  that  the  color  of  the  flam 
will  be  a  peculiar  green  instead  of  the  blue  of  the  ordinary  flanu 
A  colorless  gaseous  compound  is  formed  which  fumee  whc 
brought  in  contact  with  the  air.  This  is  hydrogen  chlorid' 
It  is  much  more  readily  soluble  in  water  than  chlorine,  doee  dc 
bleach  as  chlorine  does,  but  turns  blue  litmus  red.  Its  solutio 
in  water  does  not  in  any  way  resemble  chlorine  water,  but 
highly  acid  and  is  identical  with  hydrochloric  acid,  of  which  7 
have  had  much  to  say.  It  has  an  odor  which  is  dis^reeable,  bi 
entirely  different  from  that  of  chlorine.  It  has  a  very  sour  tast 
like  all  other  acids,  and  in  this  respect  also  it  differs  noaterial 
from  chlorine.  In  fact  hydrogen  chloride  is  unlike  chlorine 
color,  odor,  taste,  solubility,  action  on  colors,  and  in  every  otb 
property,  both  physical  and  chemical. 

Another  method  for  bringing  about  the  combination  of  h 
drogen  and  chlorine  is  to  mix  the  gases  and  pass  an  electric  sps 
through  a  portion  of  the  mixture.  As  was  the  case  when  this  w 
done  with  a  mixture  of  hydrogen  and  oxygen,  the  gasee  at  on 
combine,  with  a  violent  explosion.    If  equal  volumes  of  hydrt^ 
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id  chlorine  &re  Used,  both  of  the  gases  entirely  disappear,  and 
le  volume  of  the  hydn^en  chloride  produced  is  equal  to  the 
uin  €i  the  volumes  of  the  separate  gases.  This  shows  that  the 
omlnnatioi)  follows  Gay  Lussac's  law  of  combining  volumes.  If 
a  excess  of  either  gas  is  used,  that  excess  is  left  uncomblned. 
rhe  equation  for  the  reaction  is 

H,  +  CI,  =  2Ha 

which  shows  that  one  mole  of  hydrogen,  2.016  parts  by  weight 
of  hjrdn^n,  will  combine  with  one  mole  of  chlorine,  70.92  parts 
by  weight  of  chlorine  to  form  two  moles  of  hydrogen  chloride, 
01 2  X  36.468  parts  by  weight  of  hydrogen  chloride.  The  compo- 
stion  of  hydrogen  chloride  is  1 .008  parts  by  weight  of  hydrogen 
to  36.46  parts  by  weight  of  chlorine,  or  2.76  per  cent,  hydrogen 
Md  97.24  per  cent,  chlorine. 

If  the  mixed  gases  be  heated  to  a  temperature  of  between 
240°  and  270°C.  explosion  takes  place.  Hydrogen  and  oxygen, 
it  will  be  recalled,  behave  in  much  the  same  way  except  that  the 
combination  takes  place  at  a  higher  temperature. 

There  is  one  method  for  bringing  about  the  combination  of 
hydrogen  and  chlorine  which  entirely  fails  in  the  case  of  hydrogen 
•nd  oxygen.  This  is  with  light.  A  mixture  of  hydrogen  and 
dilorine  combines  very  slowly  in  absolute  darkness.  If  the  mix- 
^lue  be  exposed  to  light,  the  combination  takes  place  at  a  rate 
vhich  can  be  measured  and  which  is  proportional  to  the  intensity 
<n  the  light.  In  ordinary  diffused  dayUght  the  reaction  is  com- 
plete in  a  few  days,  while  if  the  mixture  be  exposed  to  full  sunlight 
or  to  the  light  of  burning  magnesium,  explosion  almost  instantly 
RmltB. 

^lutochemical  Action. — The  action  of  hght  in  accelerating  the 
''itioii  of  hydrogen  and  chlorine  is  another  example  of  photo- 
chemical action.  In  this  case  the  light  certainly  does  not  have 
^impart  enei^  to  the  mixture,  because  the  combination  takes 
pUce  evcD  in  the  dark  and  always  with  a  very  great  decrease 
^  the  energy  ao  that  a  large  amount  of  heat  is  evolved.  A 
''*ipletely  dry  mixture  of  chlorine  and  hydrogen  is  insensitive 
t*  light,  so  water  plays  an  important  part  in  the  process. 

Action  of  Chlorine  on  Hydrogen  Compounds. — Oxygen,  it  will 
''e  recalled,  was  able  to  act  upon  many  compounds  of  hydrogen  in 
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Bucb  a  way  aa  to  produce  water.  Similarly,  chlorine  will  react 
with  hydrogen  compounds  for  the  formation  of  hydrogen  ctdo> 
ide.  We  have  had  an  example  of  this  in  the  case  of  chlorine  and 
water.  A  etill  more  striking  case  is  Uiat  of  chlorine  and  turpen- 
tine. Turpentine  is  a  compound  of  hydrogen  and  carbon 
CioHi*.     If  a  piece  of  filter  paper  be  dipped  into  some  slightly 


warmed   turpentine   ai 
chlorine  (Fig.  20,  a),  tl        .1 
of  the  turpentine  with         -n 
a  moment  the  turpcnti         J 
posits  all  the  carbon 
chloride  which  may  be 
is  composed  of  compounae 
burning  paraffine  candle  (j 
it  continues  to  burn,  but  will. 


)duccd  into  a  cylinder  of 

:ombine  with  the  hydrogen 

1  of  so  much  heat  that  after 

a  dark  red  Same  which  de- 

f  soot,  and  forms  hydrt^n 

y  its  properties.     Paraffine 

;en  and  carbon,  and  wheas 

is  introduced  into  chlorine, 

ned  Same  and  the  formation 

of  hydrogen  chloride  and  of  soot,  because 

under  these  circumstances  chlorine  does 

not  combine  with  carbon,  | 

When  natural  gas  is  mixed  with  chlorine 
and  exposed  to  sunlight,  the  methane, 
CHj,  which  is  the  chief  constituent  of  the 
gas,  is  attacked  and  hydrogen  chloride, 
together  with  a  number  of  chlorine  Bul^- 
etitutlon  productsof  meth&Deare  forn>e(L 
The  first  of  these  products  is  metbj'l. 
chloride,  CHiCl,  and  the  final  one  is  carbon  tetrachloride,  COi- 
These  actions  take  place  slowly  and  at  ordinary  temperatures. 

Laboratory  and  Technical  Preparatioa  of  Hyck-ogen  Chloride.- — 
The  methods  previously  given  are  not  suitable  for  the  prepsr» — 
tion  of  any  considerable  quantity  of  hydrogen  chloride.  W^ 
therefore  is  almost  invariably  prepared  by  acting  upon  commoi^ 
salt — sodium  chloride — with  sulfuric  acid.  This  action  goes  on  ii^ 
two  stages.  The  first  takes  place  at  very  moderate  temperature^ 
and  consists  in  acting  upon  one  mole  of  sodium  chloride  with  on^ 
mole  of  sulfuric  acid  to  form  a  mole  of  sodium  acid  sulfate  »ai^ 
one  of  hydrogen  chloride  as  shown  in  the  equation 

NaCI  +  H,SO*  =  NaHSO*  +  HQ 

At  a  considerably  higher  temperature  the  second  st^e  takee 
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Lace  and  consists  in  acting  upon  a  mole  of  Bodium  chloride  with 
mole  of  sodium  acid  sulfate  to  form  a  mole  of  neutral  sodium 
idf ate  and  one  of  hydrogen  chloride, 

NaCl  +  NaHSO.  =  Na,SO,  +  HCl 

[liese  two  equations  may  be  added  to- 
lether  to  obtain  one  which  will  represent 
he  complete  process 

2NaCl  +  H,SO.  =  NajSO*  +  2Ha 

The  operation  is  carried  out  in  the 
laboratory  in  a  glass  flask,  (Fig.  21}  and 
the  temperature  cannot  be  raised  high 
enough  to  carry  it  beyond  the  first  stage. 
On  a  manufacturing  scale  the  process  is 

carried  through  the  first  stage  in  a  large 

inn  pan,  A,  heated  from  below  (Fig.  22), 

covered  with  a  brickwork  dome;  and 

fitushed  in  a  fire  clay  muffle,  B.    Both 

dome  and  muffle  are  connected  by  a  flue 

*ith  brick  towers  filled  with  coke  over 

*iazh  a  small  stream  of  water  is  kept 

''Adding.  The  hydrochloric  acid  vapors  pass  up  through  the 
"^*^ers  against  the  stream  of  water  and  are  absorbed.  Almost 
^t-Urated  hydrochloric  acid  runs  out  from  the  bottom  of  the  first 
'^'^er. 


The  reactions  just  given  are  reversible  and  would  be  incomplete 
*«re  it  not  for  the  fact  that  the  hydrogen  chloride  is  very  volatile- 
*»d  hence  readily  distilled  from  the  mixture.  This,  of  course,  de- 
"^ases  the  concentration  of  the  hydrogen  chloride,  and  more  is 
W  Once  formed  to  take  its  place.    This  will  continue  until  the 
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salt  and  sulfuric  acid  have  been  completely  transformed,  provic 
that  the  hydrogen  chloride  is  carried  off  as  it  is  formed. 

The  action  take*  place  not  because  the  hydrochloric  acid  v 
weaker  acid  than  sulfuric  acid — it  is  much  stronger — but  beeai 
the  hydrochloric  acid  is  much  more  volatile  than  sulfuric  ac 
In  fact  sulfuric  acid  may  be  replaced  by  any  acid,  however  ww 
which  is  much  less  vo'  lydrochioric  acid  and  whii'h 

not  a  strong  eno        o-  nt  to  attack  the  latter.     Ph< 

phoric  acid  will 

First  General  Preparation  of  Acids.-^In  t 

cases  given  abo  ^,6  a\         ;  with  examples  of  a  genei 

method   for   the  ion         acids  from  their  salts.    T! 

may  be  called  t  ei        lethod  for  the  preparation 

acids  and  may  >w6.     Treat  a  sail  of  the  oi 

desired  with  a  less  i—™  «u  u.i  distil.  It  is  applicable  to  sit 
adds  as  will  stand  distillation  without  decomposition,  and 
course  the  added  acid  must  not  only  be  less  volatile  than  the  <u 
desired  hut  must  also  be  without  action  upon  this  add. 

Properties  of  Hydrogen  Chloride. — A  number  of  properties 
hydrogen  chloride  have  aheady  been  given;  in  addition  we  tm 
state  that  ita  density  is  0.00164  and  molecular  weight,  36.47,  I 
critical  temperature  is  51.4''C.  and  its  critical  pressure  81.6  fi 
mospheres.  It  can  then  be  converted  into  a  hquid  by  pressu 
alone  at  ordinary  temperatures.  At  22°C.  the  pressure  aect 
eary  is  46  atmospheres.  The  boiling-point  of  the  liquid  hydrcgi 
chloride  is  — SS^C,  and  the  freezing-point  is  —  llCC.  Tl 
liquid  hydrogen  chloride  is  a  colorless  almost  inactive  su 
stance  which  is  without  action  upon  metals  or  blue  litmus,  ai 
in  general  exhibits  very  little  of  the  great  chemical  activity  whii 
is  shown  by  its  solution  in  water.  This  difference  is  of  gre 
import  a^Ave  shall  soon  see. 

As  hf^  been  mentioned,  hydrogen  chloride  is  very  soluble 
water.'  At  its  freezing-point  one  volume  of  water  will  abeo: 
aboq*  525  volumes  of  hydrogen  chloride.  At  the  same  time 
greAt  amount  of  heat  is  developed  which  points  to  the  formati< 
'xn  B.  compound  with  the  water.  This  is  indicated  too  by  t 
fact  that  hydrogen  chloride  does  not  follow  Henry's  law  of  sol 
bility  of  gases  which  states  that  provided  fut  chemical  reacli 
takes  ploce  between  the  ^as  and  the  solvent,  the  mass  of  the  gas  d 
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solved  by  a  given  7nass  of  the  solvent  is  directly  proportional  to  the 
pressure.     In  the  case  of  hydrogen  chloride  and  water,  Henry's 
law  is  far  from  describing  the  behavior.     In  fact  the  mass  of  the 
hydrogen  chloride  dissolved  is  but  slightly  altered  by  large 
(Changes  in  pressure.    This  would  indicate  that  the  hydrogen 
eUoride  undergoes  some  sort  of  a  change  upon  passing  into 
solution  in  water.    As  a  matter  of  fact^by  cooling  very  concen- 
trated solutions  of  hydrogen  chloride  to  low  temperatures,  three 
crystalline  compounds  of  hydrogen  chloride  and  water  can  be 
obtained.    These  are  the  mono-,  di-  and  tri-hydrates,  and  have 
the  formulas  HC1H,0,  HC1-2H20,  and  HCl-SHjO. 
Constant    Boiling    Hydrochloric    Acid. — Hydrogen    chloride 
at  —  83*^C.  and  water  at  100°C.  so  one  would  naturally 
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^^Pect  that  a  solution  of  hydrogen  chloride  would  boil  at  tempera- 
t^JTes  between  these  two  points.  This  is  true,  however,  only 
of  solutions  containing  more  than  40  per  cent,  of  hydrogen 
chloride.  Weaker  solutions  boil  at  temperatures  above  lOO^C. 
^d  a  20  per  cent,  solution  boils  at  llO^C.  and  is  the  highest 
"Oiling  and  consequently  the  least  volatile  mixture  of  hydrogen 
cUoride  and  water.  If  one  distils  a  hydrochloric  acid  solution  of 
1^  than  20  per  cent,  both  water  and  hydrogen  chloride  come  off, 
out  relatively  more  of  the  former,  and  the  residue  becomes  richer 
*^d  richer  in  hydrogen  chloride.  After  this  process  has  gone  on 
^or  some  time,  the  residue  finally  reaches  20  per  cent,  hydrogen 
chloride  which  is  the  least  volatile  of  the  hydrogen  chloride- 
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water  mixtures,  and  boils  at  1 10°C.  Aiiex  this  has  been  reached, 
the  mixture  distils  unchanged  in  composition  and  boiling-point 
If  on  the  other  hand  we  start  to  distil  a  hydrochloric  acid  solu- 
tion contamisg  more  than  20  per  cent,  hydrogen  chloride, 
this  substance  will  come  off  with  the  water  but  in  such  quantities 
that  the  distillate  contains  a  higher  percentage  of  hydrogei 


chloride  than  the  or- 
toiua  a  smaller  perc< 
higher  and  higher  t 
110°C.  and  its  con 
After  this  it  boils  com. 
the  above  it  follows  tl 
of  the  hydrochloric  i 
residue  will  be  a  20  ^ 

The  relatioDEhip  b 
hydrochloric  acid  is  shown 

This  constant  boiling  hydrochloric  acid  has  often  been  mis- 
taken for  a  chemical  compound,  but  that  this  is  not  the  case  is 
shown  by  the  fact  that  its  composition  changes  with  the  pressujf. 
When  the  boiling  is  carried  out  under  a  pressure  of  2.5  atmce- 
pheres,  the  composition  is  18  per  cent,  hydrogen  chloride,  while 
at  0,066  atmospheres  it  is  23  per  cent,  hydrogen  chloride. 


!aving  a  residue  which  coi>- 
jen  chloride  and  boils  at  a 
1  its  boihng-point  becomes 
■  cent,  hydrogen  chloride, 
langed  composition.  From 
tiat  the  original  composition 
>oiled  for  sufficient  time  tbe 
ling  at  llO'C. 
Deition  and  boiling-point  for 


CHAPTER  IX 

IONIC  THEORY 

he  Ionic  Theory,  or  the  Theory  of  Electrolytic  Dissociation 
i  is  often  called,  is  one  of  the  most  important  took  of  modern 
soistry,  and  this  chapter  will  be  devoted  to  its  development, 
ihould  always  be  the  case,  the  facta  which  it  was  devised  to 
lain  will  be  given  first  and  should  be  fully  appreciated  by  the 
dent,  and  then  the  theory  learned  not  as  a  fact,  but  as  a  pos- 
e  explanation  for  the  facts. 

Idds. — Mention  has  been  frequently  made  in  what  has  gone 
ore  of  acids;  hydrochloric,  sulfuric  and  phosphoric  acids 
i  typical  examples  of  this  very  important  class  of  compounds. 
le  acids  comprise  a  large  group  of  substances  of  very  different 
mpositions  which  have  certain  well  marked  properties  in  com- 
m.  For  example,  they  all  contain  hydrogen  as  one  of  their 
Kntial  constituents,  and  when  in  solution  they  all  taste  sour, 
dden  litmus,  and  evolve  hydrogen  gas  when  brought  in  contact 
^  magnesium  or  zinc.  All  acids  are  hydrogen  compounds. 
It  many  hydrogen  compounds  are  not  acids.  Water,  turpen- 
le,  Eugar,  olive  oil,  and  many  other  substances  contain  hydro- 
Q  but  will  not  evolve  hydr<^en  when  brought  in  contact  with 
^Desium  or  zinc  at  ordinary  temperatures,  neither  do  they 
8te  BOUT,  nor  redden  litmus,  and  so  are  not  acids.  The  hydro- 
^1  then,  of  acids  must  be  in  some  kind  of  a  special  condition, 
fferent  from  that  of  the  hydrogen  of  other  compounds,  and  since 
u  is  the  only  constituent  which  acids  have  in  common,  as  is 
°*n  by  the  appended  list  of  acids  and  their  formulas,  the  com- 
oa  properties  of  acida  must  be  ascribed  to  the  hydrogen  in  this 
^  condition. 

Sbobt  List  or  thb  Mori  Couuok  Acids 
HTdrocUoria  acid,    HO  Nitric  acid,  HNO. 

Hydrobromie  acid,    HBr  Pboflphoric  acid,       HiPOt 

Hydriodic  acid,         HI  Oxalic  acid,  HiCiO« 

Solfurie  acid,  H|SO.         Acetic  acid,  HCtHiOi 

lOS 
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The  acids  show  their  peculiar  properties  only  when  dissolv 
in  water  and  a  few  other  solvents.  When  in  a  perfectly  pi 
state  or  dissolved  in  most  solvents,  they  are  as  indifferent  as  pti 
hydroKen  chloride  and  neither  redden  litmus  nor  evolve  hydrt^ 
with  magnesium.  Of  course,  their  taste  in  the  entire  absen 
of  water  cannot  be  determined.  The  water  has  then  aotr 
thing  to  do  with  •'"'  *ron=f"""ntioa  of  the  hydrogen  of  the  aei 
into  its  special  si  lection  it  will  be  recalled  th 

there  is  evidence  shloride  undergoes  a  chemic 

change  when  it  ]  i  in  water. 

Bases. — Baset  it  large  class  of  substanops 

varied  coniposit  ids,  have,  when  dissolved 

water,  certain  I  ion.     Their  solutions  all  ha 

a  peculiar  alkal  feeling,  and  turn  red  litm 

blue.     As  will  b  >rtial  list  of  bases  given  belo 

they  ail  contain  tiydrugcn  ani.  ^-.j'gen  in  the  proportion  of  oi 
atomic  weight  of  the  one  to  an  atomic  weight  of  the  othi 
We  express  this  by  saying  that  they  contain  the  hydroxyl  grou 
OH,  and  ascribe  their  common  properties  to  this  group. 

List  of  Basbs 

Sodium  hydroxide,               NaOH         Calcium  hydroxide,  Ga(OE 

Potusium  hydroxide,          KOH          Barium  hydroxide,  Ba(OG 

Ammonium  hydroxide,        NHtOH      Strontium  hydroxide,  Sr(OE 

Like  the  acids,  these  bases  show  their  common  properties  OD 
when  dissolved  in  water  and  a  few  other  solvents,  and  since  the 
are  many  compounds  known  which  contain  hydroxyl  and  J 
are  not  bases,  we  ascribe  the  characteristic  properties  of  bu 
in  water  solution  to  the  hydroxyl  in  a  peculiar  condition,  sinsl 
to  that  of  the  hydrogen  from  acids  in  such  solutions. 

neutralization. — When  a  solution  of  hydrochloric  acid 
added  to  a  solution  of  sodium  hydroxide  in  just  the  proper  pi 
portions,  both  the  characteristic  properties  of  the  acid  and  the 
of  the  base  completely  disappear,  and  the  solution  which  is  Ii 
behind  neither  turns  blue  litmus  red  nor  red  litmus  blue.  It  I 
neither  a  sour  nor  an  alkaline  taste,  has  no  soapy  feeling  and  d< 
not  evolve  hydrogen  at  ordinary  temperatures  with  zinc  or  mi 
nesium.  Its  taste  is  a  pure  salty  one  and  in  fact  it  is  in  ev< 
way  identical  with  a  solution  of  common  salt,  sodium  cblorii 
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in  water.  If  the  solution  be  evaporated,  notMng  but  wat» 
passes  off,  and  nothing  but  sodium  chloride  is  left  behind.  What 
then  has  become  of  the  hydroxyl  of  the  base  and  the  hydrogen 
of  the  acid?  Obviously  they  must  have  combined  to  form  water, 
leaving  the  sodium  and  chlorine  to  form  sodium  chloride. 
The  reaction  may  be  represented  by  the  equation 

NaOH + HCI  =  H,0 +NaCl 

Ve  say  that  the  hydrochloric  acid  and  sodium  hydroxide  have 
neutraliied  each  other  and  that  water  and  a  solution  of  sodium 
ditoride  have  been  formed.  Other  acids  and  bases  behave  in 
Dmch  the  same  way.  They  neutralize  each  other  and  leave 
adDtiona  of  the  corresponding  salts.  For  example,  potassium 
hydroxide  and  nitric  acid  give  water  and  a  neutral  solution  of 
potaasium  nitrate,  KNOi 

KOH+HNO,  =  HsO+KNO, 

Sulfuric  acid  gives  sulfates  and  water 

2NaOH  +H,S04  -  2H,0+Na,S0* 

"""tine  Ratio  In  Neutralization. — By  inspection  of  the 
■ixira  equations  and  writing  others,  it  is  very  easy  to  satisfy 
(^B  self  that  a  quantity  of  a  base  which  contiuns  17.008  grm. 
of  hydroxyl  will  just  neutraUze  a  quantity  of  an  acid  which 
ctnitBiDs  1.008  grm.  of  hydrogen  in  the  peculiar  acid  condition. 
^OKe  it  is  a  very  easy  matter  to  tell  with  the  aid  of  litmus  just 
*heD  a  ecrfution  is  neutral,  the  fact  mentioned  above  is  made  the 
htOB  of  a  simple  and  much  used  method  for  the  quantitative 
^ttomination  of  acids  and  bases.  The  essentials  of  the  method 
^  u  follows:  Such  a  quantity  of  a  base,  say  sodium  hydroxide, 
"  will  contain  17,008  grm.  of  hydroxyl  is  dissolved  in  water 
*^  tile  solution  made  up  to  just  a  hter.  Each  cubic  centimeter 
>ill  tiion  contain  0.017008  grm.  of  hydroxyl  and  will  neutralize 
"u^  quantity  of  an  acid  which  will  contain  0.001008  grm.  of 
Mngen,  that  is  to  say,  0.03647  grm.  of  hydrogen  chloride  for 
^Huple.  Such  a  solution  is  called  a  normal  solution  of  a  base. 
To  nae  (his  in  determining  the  amount  of  an  acid,  say  hydrogen 
ddorid^  in  a  solution  of  unknown  strength  one  would  weigh 
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out  a  few  giams  of  the  acid,  add  a  drop  of  litmus  soluti' 
then  run  id  from  a  graduated  vessel  called  a  burette  (F) 
enough  of  1  he  normal  hydroxide  solution  so  that  the  Ul 
just  on  the  point  of  turning  blue,  and  in  fact  is  neithi 
nor  red.  Tbe  number  of  cubic  centimeters  used  multip. 
0.03647  gives  the  weight  of  hydrogen  chloride  in  the  acid  s 
'  'ten.  Suppose  that  we  w 
t  10  grm.  of  the  acid  am 
ircd  20  c.c.  of  the  normal 
utralize  it.  The  acid  coi 
this  10  grm.  is 

20X0.03647  =  0.7294  or  *, 
per  cent. 

i  iiilarly  with  the  aid  of  a : 
acid,  i.e.,  one  containing  1.0( 
of  hydr(^en  in  the  acid  co: 
per  liter,  one  may  determii 
easily  the  quantity  of  bas 
solution  of  unknown  atrengi 
Methods  like  the  above 
very  frequent  use  in  quaul 
chemical  analysis,  and  are 
volumetric  methods. 

Acids,  Bases,  and  Salt! 
two  Sets  of  Properlies.- 
acid  has  when  in  solution  in 
"  two  independent  sets  of  prO| 
one  common  to  all  acids  ai 
dently  belonging  to  the  hy 
of  the  acid,  and  the  other  peculiar  to  that  acid,  being  sb< 
no  other  acid,  and  evidently  belonging  to  the  rest  of  tl 
other  than  the  hydrogen.  For  example,  hydrochloric 
like  all  other  acids  in  that  it  is  sour,  reddens  Htmus  an< 
hydrogen  with  zinc,  but  differs  from  all  other  acids  i 
it  will  give  sodium  chloride  with  sodium  hydroxide,  ai 
will  yield  a  white  curdy  precipitate  with  silver  nitrate 
precipitate  is  silver  chloride.  A  few  other  acids  give  soc 
similar  precipitates  with  silver  salts,  but  these  all  differ  sufE 
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in  their  properties  from  the  silver  chloride  so  that  they  may  be 
positively  distinguished  from  the  latter. 

Bases  too  have  two  independent  sets  of  properties  in  water 
solutions,  the  one  common  to  all  bases  and  evidently  due  to  the 
liydroxyl,  and  the  other  peculiar  to  the  particular  base  that  is 
bdng  worked  with  and  belonging  to  the  rest  of  the  base  other 
than  the  hydroxyl.    For  example,  barium  hydroxide  shows  all 
the  characteristic  properties  of  bases,  turning  litmus  blue,  etc., 
and  also  gives  with  sulfuric  acid  and  all  sulfates  a  white  precipi- 
tate of  barium  sulfate,  BaS04,  which  is  different  in  its  properties. 
&om  all  other  substances.    No  other  base  has  just  this  property, 
^en  one  of  these  acids  with  its  two  sets  of  properties  is  neutral- 
iied  by  a  base  with  its  two  sets,  the  properties  common  to  all 
iMdds  together  with  those  common  to  all  bases  completely  dis- 
appear leaving  behind  that  set  of  properties  of  the  acid  which 
^u  peculiar  to  that  particular  acid,  and  the  set  of  properties  of 
tbe  base  which  was  peculiar  to  that  base.    So  the  salt  solution 
remaining  after  the  neutralization  of  an  acid  by  a  base  has  two 
>et8  of  properties. 
I       It  follows  from  what  has  just  been  said  that  solutions  of  hydro- 
ddoric  add  and  all  soluble  salts  of  hydrochloric  acid  should  give 
the  white  curdy  precipitate  of  silver  chloride  upon  the  addition  of 
silver  nitrate.    This  is  exactly  what  has  been  foimd  to  be  the 
^^^   Similarly  barium  salts  formed  by  the  neutralization  of 
tiuB  base  by  acids  should  and  do  give  precipitates  of  barium 
I    sulfate  upon  the  addition  of  sulfuric  acid  or  sulfates. 

When  these  same  bases,  acids  and  salts  are  in  the  pure  state 
or  even  in  solution  in  most  solvents  other  than  water,  they  do  not 
^dtthit  these  two  sets  of  independent  properties,  but  each  has 
^  one.  An  explanation  for  these  and  for  the  succeeding  sets 
of  iacts  will  soon  be  given  as  the  theory  of  electrolytic  dissociation. 
Abootnud  Lowering  of  the  Freezing-point. — ^In  connection 
^  the  discussion  of  hydrogen  peroxide  it  was  brought  out  that 
A  Kram  mole  of  a  normal  substance  lowers  the  freezing-point  of 
1)000  grm.  of  water  1.85^C.  and  that  this  may  be  made  the  basis 
Oi  a  method  for  the  determination  of  molecular  weight.  In  fact 
^  got  the  molecular  weight  of  hydrogen  peroxide  in  this  way. 
^  law  of  the  molecular  lowering  of  the  freezing  point  is  more 
^'^  for  dilute  solutions  than  for  concentrated  ones  and  we  will 
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be  more  accurate  if  we  state  it  as  foUows:  A  gram  mole  of 
mal  substance  lowers  the  freezing  point  of  1000  kgrin.  of 
0.001  SS^C. 

The  acids,  bases  and  salts  are  the  exceptional  subs 
which  do  not  lower  the  freezing-point  of  1,000  kgrm.  of 
0.001 85°C.  per  gram  mole,  but  alwaya  produce  a  greater  low 
In  many  cases  irly  twice  what  we  would  e 

in  others  som  imea,  and  sometimes  even 

than  three  tin  per  gram  mole  dissolved  in 

.kgrm.  of  water. 

For  example,  h     rogen  de  is  a  gas^us  substanc 

its  molecular  be         id  from  its  gaseous  density 

36.47.     If  oni  iiv  m.  of  hydrogen  chloride  in 

kgnn.  of  wati  it  of  the  water  ia  lowered  a 

twice  0.00185  i\  gram  u,       of  sodium  or  potassium  ch 

or  of  any  other  aalt  formed  by  the  union  of  one  atomic  \ 
of  a  metal  with  one  atomic  weight  of  chlorine  produces  abo 
same  lowering  as  a  gram  mole  of  hydr<%en  chloride  whe 
aolved  in  1,000  kgrm.  of  water  or  about  twice  0.00186°. 
Baits  as  calcium  or  barium  chloride,  CaCli  or  BaCli,  whici 
tain  two  atomic  weights  of  chlorine  to  one  atomic  weight ' 
metal,  lower  the  freezing-point  nearly  three  times  O.OOlSi 
mole  of  salt  in  1,000  kgrm.  of  water.  From  these  facta  it 
as  though  the  lowering  for  salts  were  O.OOISS^C.  per  gram  a 
weight  of  each  element  instead  of  per  gram  mole.  That  1 
not  the  case  is  shown  by  the  fact  that  nitric  acid,  HNOi, ) 
sium  nitrate,  KNOt,  and  sodium  nitrate,  NaNOt,  only  low< 
freeaing-point  of  1,000  kgrm.  of  water  approximately 
0.00185°  per  gram  mole  of  acid  or  salt.  In  more  concent 
solutions  these  acids  and  salts  give  lowerings  which  are  abn 
but  not  as  much  so  as  in  the  dilute  solutions;  however,  e^ 
the  most  dilute  solutions  the  abnormality  is  never  greater 
the  figures  just  given.  These  facts  are  very  flignificani 
important  in  connection  with  the  theory  soon  to  be  develo 

Electrolytes. — Metals  are  called  conductors  of  the  first 
As  ia  well  known,  they  are  not  altered  in  any  way  by  the  ci 
except  that  their  temperature  is  more  or  lees  raised, 
solutions  are  also  conductors  of  electricity  and  are  callec 
ductoi?  of  the  second  class  because  they  are  not  only  b( 
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heated,  but  also  are  invari:ibly  doconipo^rd  during  Ihe  passage  of 
the  current  provided  the  circuit  consists  in  part  of  conductors  of 
the  first  class  as  is  usually  the  case.  Such  solutions  are  called 
dectrolytes  and  are  formed  only  when  acids,  bases,  and  salts 
are  dissolved  in  water  or  in  the  few  other  solvents  in  which  they 
each  show  their  two  independent  sets  of  properties.  The  de- 
compositioD  takes  place  at  points  where  the  electric  current 
cnten  and  leaves  the  salt  solution.  The  terminals  of  the  metallic 
portion  of  the  circuit  are  called  electrodes  and  are  distinguished 
from  each  other  by  calling  that  electrode  where  the  electricity 


ttttm  the  soluticHi  the  anode  and  that  where  it  leaves  it  for 
^  metal,  the  cathode.  During  the  passage  of  the  current, 
OM  kmd  of  substance  appears  at  the  cathode  and  an  entirely 
dilftient  substance  at  the  anode.  When  hydrogen  chloride  solu- 
"OD  it  electro^sed  Fig.  25,  hydrogen  appears  at  the  cathode  and 
^''Iniiie  at  the  anode.  The  two  substances  appearing  at  the 
™tiode8  are  in  general  the  two  substances  which  seem  to  give  to 
***  olt  solutions  their  two  sets  of  independent  properties. 

A  ftet  which  is  closely  connected  with  those  given  above,  and 
*Udi  IB  still  more  significant  is  that,  when  a  current  of  electricity 
i*PUBed  through  a  salt  solution,  the  two  components  of  the  salt 
^di  act  chemically  independently  of  one  another  may  actually 
H  Men  to  move  slowly  in  opposite  directions,  the  one  toward  the 
*'tfcode  and  the  other  toward  the  anode,  and  at  quite  different 
'■^  Especial  precautions  must  be  taken  to  bring  this  out, 
'"t  the  experiments  are  rather  easily  performed  and  are  quite 
^*Gnite  in  their  results. 
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In  the  case  of  hydrochloric  acid  solutions,  the  chlorine  moves 
toward  the  anode  while  the  hydrogen  travels  towanl  the  cathode, 
and  moves  nearly  five  times  as  rapidly  as  the  chlorine. 

The  Law  of  Faraday. — The  English  scientist  Faraday  in  the 
year  1833  carefully  investigated  the  phenomena  occurring  at  the 
electrodes  and  devised  the  names  which  we  have  been  naing 
such  as  electrolysis,  electrolyte,  electrode,  anode,  cathode,  and  in 
addition  he  called  the  substances  which  travel  toward  the  elec- 
trodes ions.  Those  which  move  toward  the  cathode  being  the 
cations  and  those  which  move  toward  the  anode  being  the  anions. 
He  also  discovered  facts  which  are  described  by  the  following 
law  known  as  the  Law  of  Faraday. 

Electricity  mm>es  in  electrolytes  only  with  the  simultaneous  move- 
ment o/  their  chemically  independent  components,  and  is  accom- 
panied  by  the  deposition  of  lv)0  differerU  substances  upon  the  elM- 
trades,  the  quantity  of  electricity  required  to  liberate  a  gram  atomic 
weight  of  any  substance  being  96,500  coulombs  or  some  inlegn^ 
multiple  of  this. 

Summary. — We  have  now  discussed  the  principal  groups  of 
facta  which  the  theory  of  electrolytic  dissociation  was  devised  to 
explain,  but  before  proceeding  to  the  theory  itself  a  brief  BummBi7 
of  these  facts  may  be  of  use. 

First. — Salts  in  solution  in  water  showatwo  independent  sett 
of  chemical  properties;  all  salts  having  a  common  compoaeM 
have  one  set  of  properties  in  common.  The  term  salt  U  vt^. 
here  includes  acids  and  bases  aa  well  as  salts  in  the  ordinary  BOtt- 

Second. — Salts  in  solution  in  water  lower  the  freesing-pdiiit^ 
the  water  more  than  0.00185°C.  per  gram  mole  per  1,000  l(|t>>*' 
of  water;  some  nearly  twice,  some  three  times,  and  somet^ 
more  than  three  times  the  normal  lowering, 

Third.^ — Salts  in  solution  are  electrolytes  and  the  deotrit^ 
passes  through  the  solution  only  with  the  simultaneous  TDOt*' 
ment  of  the  components  of  the  salts  in  opposite  directions  and  I* 
quite  different  rates.  In  addition  two  different  substanon  Iff 
hberated  at  the  electrodes.  One  gram  atomic  weight  oC  eMk 
substance  is  hberated  by  the  passage  of  96,500  coulombs  or  8MM 
rational  multiple  of  this. 

All  these  are  well  established  facta.  The  theory  which  is  abont 
to  be  given  is  simply  an  imagined  cause  or  explanation  for  1^<N 
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and  is  in  many  respects  on  a  par  with  the  atomic  theory, 
very  useful  in  correlating  a  great  many  facta  of  chemistry 
las  been  very  successful  in  predicting  the  discovery  of  new 

and  hence  is  worthy  of  considerable  attention, 
e  Theory  of  Electrolytic  Dissociation. — To  explain  the  facts 
led  above,  certain  assumptions  are  made  concerning  the 
«  of  salts  in  solution.  The  first  one  is  that  when  salts  are 
ved  in  water,  they  are  immediately  decomposed  or  dissoci- 
into  at  least  two  different  substances  which  are  chemically 
ate  and  distinct  from  each  other  and  from  the  original  salt. 
i  new  substances  are  assumed  to  be  the  chemically  inde- 
ently  acting  component-B  of  the  salts  and  are  called  ions,  from 
Hreek  word  ««•  meaning  wander,  because  they  move  in  oppo- 
lirections  toward  the  electrodes.  That  which  goes  toward 
node  is  known  as  the  anion  and  that  toward  the  cathode  as 
ation. 

cb  gram  mole  of  salt  which  dissociates  is  assumed  to  give 
a  at  least  2  gram  moles  of  these  new  substances,  the  ions, 
each  gram  mole  of  an  ion,  or  for  brevity  "gram  ion,"  is 
ned  to  act  in  lowering  the  freezing-point  of  water  hke  a  gram 

of  any  other  substance. 

)  account  for  the  electrical  properties  of  salt  solutioQS,  it  is 
ned  that  these  new  substances,  the  ions,  are  charged  with 
ridty,  the  cations  with  positive  and  the  anions  with  negative 
ridty;  the  charges  amounting  to  96,500  coulombs  or  a 
M  multiple  per  gram  ion.  Since  salt  solutions  are  electric- 
Deutral,  it  must  be  assumed  that  the  +  charges  upon  the 
OS  just  equal  the  —  charges  upon  the  anions, 
le  explanation  of  the  first  group  of  facts,  p.  108,  by  the  theory 
ry  simple.  We  have  only  to  say  that  each  of  the  two  inde- 
nt sets  of  properties  belongs  to  one  of  the  new  substances 
08  formed  by  the  dissociation  of  the  salt,  and  since  these  ions 
ammed  to  be  uncombined,  each  set  of  properties  is  of  course 
Modent  of  the  other  component  of  the  salt.  The  chlorine  ion 
somed  to  be  identical  whether  it  comes  from  hydrochloric 

HCl,  sodium  chloride,  NaCI,  potassium  chloride,  KCl,  or 
ither  chloride,  and  hence  all  chlorides  in  solution  show  the 
atiee  of  chlorine  as  ion  no  matter  what  the  other  ion  may  be. 
udd  properties  are  ascribed  to  hydrogen  as  ion  and  since  this 
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In  terms  of  this  theory  &  salt  ia  any  Bubstancc  which  whi 
dissolved  in  water  yields  ions. 

An  add  is  a  salt  which  when  dissolved  in  water  gives  hydr*^ 
as  one  of  its  ions. 

A  base  ia  a  salt  which  when  dissolved  in  water  gives  hydroiq 
aa  one  of  its  ions. 


Neutralization  of  Acids  and 
the  neutralization  of  acids  a: 
reach  the  rather  surprising  i 
water  is  formed.    The  salt  in 
since  its  cation  and  anion  existi 
base  and  acid  lief  ore  they  we 
to  do  so  after  the  process  is  fii 

To  illustrate,  let  ua  give  \ 
this  kind. 


i. — WTien  we  come  to  caimi 
I  in  tlie  light  of  the  theory, 
ion  that  in  the  process  out 
narrow  sense,  is  not  fonnc 
IS  such  in  the  solution  of  til 
'ought  together  and  coDtinii 
i. 
lations  for  a  few  reactioiu  i 


Na+    +0H- 
K+      +  OH- 


4-  H+  +  cr 
+  H+  +  cr 


=  HiO    +  Na+    +  cr 

=  HiO  +  K+    +  cr 

Na+  +  OH-  +  H*  -f  NOr  =  H,0  +  Na+  +  NOr 
K+  +  OH-  +  H+  +  NO,-  =  HsO  +  K+  +  NO.' 
2Na+  +  20H'  +  2H+  -1-  SOr  '  =  2H,0  +  2Na+  +  80*" 
Ca++  +  20H-  +  2H+  +  201-    =  2HsO  -i-  Ca++  +  2Cr 


In  every  case  water  is  formed  and  water  only.  The  cation  ofl 
the  base  and  the  anion  of  the  acid  are  left  unaltered.  Thim 
explains  why  these  salt  solutions  show  the  properties  which  werti 
peculiar  to  the  particular  base  and  acid  from  which  they  werW 
formed.  I 

Heat  of   Neutralization. — Whenever   any   of   the   acids  an^ 
bases  given  in  the  above  list  neutralize  each  other  there  is  alway<( 
57  Kj,  of  heat  evolved  per  mole  of  water  produced,  and  tbisM 
true  of  all  other  strong  acids  and  bases  as  well.     This  fact  is  verfl 
easy  to  explain  on  tlie  basis  of  the  electrolytic  dissociation  theory- 
In  the  light  of  this  theory,  water  is  the  aole  product  of  the; 
actions  and  is  a.l\v:iys  formed  from  the  ^aiiie  substances,  h 
as  ion  and  hydroxyl  as  ion,  and  therefore  each  reactioii 
show  the  same  heat  effect;  and  thus  57  Kj.  or  13,600  cal.ist 
of  formation  of  water  from  hydrogen  and  hydroxyl  as  a 
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e  salts  had  really  been  formed,  the  heat  effect  should  have  been 
fferent  in  each  case. 

Action  of  Acids. — In  our  previous  discussion  of  acids,  certain 
aints  of  similarity,  their  taste,  action  on  litmus,  metals,  etc., 
ere  made  much  of  and  ascribed  to  their  comjnon  constituent 
ydrogen,  in  what  we  termed  the  ionic  state.  In  other  respects 
cids  show  great  similarity.  Quantities  of  different  acids  which 
lontain  equal  amounts  of  ionizable  -hydrogen  are  equivalent  to 
Ach  other  in  several  ways.  They  will,  for  example,  neutrahze 
iliesame  quantity  of  any  given  base,  say  sodium  hydroxide,  and 
tin  when  brought  in  contact  with  an  excess  of  metal,  Hke  zinc, 
BToIre  equal  quantities  of  hydrogen.  Such  quantities  of  acid 
w  contain  equal  weights  of  ionizable  hydrogen  are  appropriately 
called  equivalent  quantities,  and  that  weight  of  any  given  acid 
^ch  contains  1.008  grm.  of  ionizable  hydrogen  is  called  a  gram 
equivalent  of  that  acid.  It  will  be  recalled  that  a  gram  equiva- 
lent of  an  acid  in  1,000  c.c.  of  solution  is  called  a  normal  solution 
^  the  acid. 

In  some  respeci«  acids  show  striking  points  of  dissimilarity. 
If  lueces  of  zinc  of  equal  area  are  introduced  into  equivalent 
nluljoiiB  of  hydrochloric,  sulfuric,  and  acetic  acids,  hydrogen 
till  be  evolved  in  each  case,  but  at  very  different  rates  in  the 
diSereot  acids.  If  normal  acids  are  used,  less  than  1  c.c.  of 
hydrc^eD  will  be  Uberated  from  the  acetic  acid,  and  65  c.c. 
&WII  tibe  sulfuric  acid  during  the  time  required  for  the  hberation 
tf  100  c.c.  from  the  hydrochloric  acid.  If  equivalent  quantities 
of  the  acids  and  an  excess  of  zinc  are  used,  ultimately,  equal 
ipuuitities  of  hydrogen  will  be  liberated  from  each.  In  order  to 
ouure  the  success  of  the  experiment  indicated  above,  the  pieces 
^  nnc,  before  use  should  be  treated  with  a  dilute  solution  of 
copper  sulfate.  Copper  will  be  deposited  on  the  zinc  and  will 
tod  to  overcome  the  disturbing  influence  of  local  impurities  in 
the  nnc  and  secure  a  uniform  evolution  of  hydrogen. 

If  we  examine  other  cases  in  which  these  acids  take  part  in 
''Mtioiis  at  measurable  rates,  we  discover  that  their  rates  stand 
Btlieeaine  order  as  in  their  action  on  zinc. 

Much  the  same  relationship  exists  between  the  lowering  of  the 
&(KliDg.^MUitB  of  these  acids.  One  gram  mole  of  hydrochloric 
*'^i  it  win  be  recalled,  lowers  the  freezing-point  of  1,000  grm. 
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of  water  nearly  twice  the  normal  lowering  of  1.85°  per 
mole;  while  a  gram  mole  of  acetic  acid  per  1,000  grm,  of  i 
lowers  it  only  a  trifle  more  than  1.85°. 

Normal  solutions  of  these  acids  show  very  much  these 
differences  in  their  power  to  conduct  electricity.  The  soli 
of  hydrochloric  acid  is  a  good  conductor;  sulfuric  acid  somel 
like  two-thirds  cetic  acid,  although  still  a 

ductor,  is  a  poor 

Because  of  the  ■■  in  their  actions,  everyone 

hydrochloric  and  strong  acids,  and  acetic  tt 

weak  acid.     The  lid  is  considered  to  be  some 

stronger  than  s 

Explanation. — n  iple  matter  to  explain  tbei 

outlined  above  he  ionic  theory.     We  haVfl 

to  add  to  our  luus  assun     ions,  that  all  acids  breaJt  I 

ionize  so  as  to  give  hydrogen  as  ion,  and  that  this  hydrogen  a 
has  the  characteristic  acid  properties,  the  further  assum] 
that  the  various  acids  differ  among  themselves  in  the  exte 
which  they  break  up,  or  in  their  degree  of  ionization.  H; 
chloric  acid  is  assumed  to  break  up  or  ionize  so  far  that  in  n( 
solution  the  greater  part  of  the  substance  has  been  changed 
hydrogen  and  chlorine  as  ions,  while  under  the  same  condi 
only  a  very  small  part  of  the  acetic  acid  is  supposed  to  be  ion 
while  sulfuric  acid  stands  between  the  other  two.  Katunl 
hydrogen  as  ion  is  the  hydrogen  which  acts  acid,  that  vA 
which  contains  the  greatest  concentration  of  hydrogen  pr 
actually  as  ion  will  be  the  most  intensely  acid.  This,  from 
has  been  said,  would  be  the  hydrochloric  acid,  then  would 
sulfuric  and  last  the  acetic  far  behind  the  other  two. 

We  have  learned  that  the  rate  at  which  any  given  subs 
will  react,  other  things  being  equal,  depends  upon  the  co 
tration,  and  further  that  in  terms  of  the  ionic  theory  the  ret 
between  an  acid  and  zinc  is  between  hydrogen  as  ion  and  the 
From  all  that  has  been  said  above,  then,  it  follows  that  thi 
of  evolution  of  hydrogen  gas  from  these  three  acids  should : 
in  the  order,  hydrochloric,  sulfuric,  and  acetic  acids.  Thi 
the  order  found  by  experiment. 

But  if  the  acids  differ  so  much  in  their  degree  of  dlssociati 
iomzation,  how  does  it  happen  that  equivalent  quantitu 


IONIC  THEORY  110 

le  tbe  same  amount  of  sodium  hydroxide,  or  any  other 
d  also  ultimately  evolve  the  same  quantity  of  hydrogen 
ted  upon  by  an  exceea  of  a  metal?  To  explain  this  we 
y  to  assume  that  the  ionization  of  an  acid  is  a  reversible 
and  that  as  the  hydrogen  as  ion  is  used  up  by  combin- 
1  hydroxyl  or  reacting  with  the  metal,  more  of  the 
iated  acid  will  break  up  into  ions,  and  that  this 
irill  continue  until  the  undissociated  acid  is  completely 

>tal  acid  hydrogen  of  an  acid  is  called  the  ionizabte  hydro- 
that  fraction  of  it  which  is  present  at  any  one  instant  in 
:  of  the  free  ion,  is  called  the  actual  ion,  while  that  which 
lociated,  but  capable  of  becoming  ionized,  is  called  the 
[  ion.     The  ionizable  hydrc^n  is  the  sum  of  the  actual 

potential  ions.  Equivalent  quantities  of  these  three 
2n  contain  the  same  amount  of  ionizable  hydrogen,  but 

the  relative  proportions  of  the  actual  and  potential 
drogen  chloride  having  the  most  actual  and  acetic  the 

cplanation  of  the  difference  in  the  lowering  of  the  freezing- 
so  obvious  that  it  need  not  be  gone  into  here, 
bihty  of  a  gram  mole  of  an  electrolyte  to  conduct  elec- 
s  called  its  molecular  conductivity.  It  may  be  de- 
1  by  ascertaining  the  number  of  amperes  of  electricity 
ill  flow  through  a  conductivity  cell  when  the  whole  of 
.tion  containing  a  gram  mole  of  the  solute  is  placed 
electrodes  1  cm.  apart  and  a  potential  of  1  volt  is 

-ule  the  molecular  conductivity  of  a  salt  increases  as  the 
of  the  solution  in  which  one  gram  mole  is  dissolved  is 
i,  i.e.,  as  the  solution  is  diluted.  With  the  great  majority 
■olytes,  the  molecular  conductivity  increases  with  the 
up  to  a  certain  point,  and  then  runs  along  without  any 
increase  as  far  as  the  measurements  can  be  carried — 
words,  it  reaches  a  maximum. 

^ural  explanation  for  this  is  that  the  molecular  con- 
^  of  a  solution  is  proportional  to  the  fraction  of  the  gram 
ich  is  present  as  ions  or  the  degree  of  ionization  or  disso- 
is  it  is  called  and  to  the  speed  with  which  the  ions  move. 
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ABSuming  that  the  latter  is  constant  as  the  solution  is  diluted,  il 
follows  that  the  degree  of  iooiiation  of  the  electrol>-te  increase 
with  the  dilution,  and  that  when  the  conductivity  has  reached 
its  maximum,  the  salt  is  entirely  ionized  or  completely  disso- 
ciated. The  degree  of  diasoeiatiou  at  any  given  dilution,  can  be 
found  by  dividing  the  molecular  conductivity  at  that  dilution  by 
the  maximum  molecular  con['""''vity  at  very  great  dilution. 
The  results  given  in  the  follow 
this  way.  Dilution  as  used  here 
the  solutioD  which  contains  one  ^ 
be  seen  from  this  table  that  evei 
three  acids  ate  almost  completi 
strong  as  poasihlf.  The  sultun 
quickly  gains  in  strength.  The 
much  weaker,  hut  grow  rapidly 
the  acids  the  slrongcr  they  bceonie  in  the  acnse  that  they  are 
more  largely  dissociated.  That  acid  is  the  8tronge$t  which  U  mwi 
easily  broken  up  into  its  ions.  No  adequate  reason  has  been 
offered  as  to  why  hydrochloric  acid  is  so  highly  and  acetic  acid  so 
slightly  dissociated. 


table  have  been  obtained  id 
Leans  the  number  of  liters  of 
im  mole  of  the  acid.  It  wiD 
moderate  dilutions,  the  firet 
iissociated  and  are  about  as 
cid  is  distinctly  weaker,  but 
Irofluoric  and  acetic  acids  are 
,ronger.     So  the  more  dilute 


DUntioD 

Ha 

BBt 

HI 

HF 

Eb80t> 

HCiHiOt 

0.784 
0.95 
0.98 
0.99 

0.07 
0.10 
0.26 
0.95 

0.61 
0.67 
0.79 
0.93 

10 

100 

1,000 

0.&5 
0.98 
0.99 

0.95 
0.98 
0.99 

0.013 
0.050 
0.125 

Bases,  like  acids,  differ  widely  in  the  degree  of  their  dissoci» 
tion  at  moderate  dilutions.  Sodium  and  potassium  hydroxide 
being  highly  dissociated.  Calcium  and  barium  hydroxides  hav 
about  the  same  degree  of  dissociation  as  sulfuric  acid  at  any  give 
dilution,  while  ammonium  hydroxide  is  weak  like  acetic  acid. 

Salts,  in  the  common  sense  of  the  term,  are  with  few  exception 
higBly  dissociated,  and  that  too  whether  they  are  salts  of  wea- 
or  of  strong  acids.  Sodium  acetate,  for  example,  at  any  giv^ 
dilution  is  only  a  little  less  dissociated  than  sodium  chloride, 

1  The  sulfuric  acid  solutions  are  equivalent  and  not  molecular  aolntioii^ 
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rdrogm  loa  as  An  Oxidizing  Agent. — When  an  acid  acts  upon  a 
il  and  hydrogen  U  given  ofT,  the  reaction  seems  to  be  between 
tiydrogen  ion  and  the  metal.     For  example,  the  equations 

Zn  +  2H++  2Cr  =  Zn+++  2a-+H, 
Zn  +  2H++  SO  — =  Zn+++  SOr-+  H, 

cate  that  neither  the  chlorine  nor  the  sulfate  ion  is  changed, 
le  the  zinc  is  transformed  from  the  metal  to  the  ion-  and  the 
rogen  from  the  ion  to  the  free  element.  This  change  of  the 
■■  from  the  metal  to  the  ion  is  considered  oxidation  and  the 
irogen  ion  is  the  oxidizing  agent.  This  type  of  oxidation  must 
£ept  in  mind  until  a  full  definition  of  oxidation  and  reduction 
be  offered. 


CHAPTER  X 


Geoeral. — Neithi 
and  chlorine  com) 
methods  three  oxid 
as  they  are  called,  tn 
the  names  and  form 
acids,  and  the  oxides. 

HCl Hydrochloric  acid 

HCIO HypochlorouB  acid 

HClOi Chlorous  acid 

HCIO) Chloric  acid 

HClOt. Perchloric  acid 


S  OP  CHLORINE 

hlorine  nor  oxygen,  hydrogtf 
,  by  more  or  less  roundaboe 
B  containing  oxygen,  oxyacic 
d.  The  following  table  pv 
ids,  the  sodium  salts  of  the 


NaCI Sodium  chloride 

NaClO Sodium  hjrpoehlO'K 

NaClOi Sodium  chl<Hit« 

NaClOi Sodium  ohlornto 

NaClOi Sodium  perchloT» 


OXIDBB 

CliO,   Chlorine  monoxide  or  hypochloroUB  anhydride. 
ClOi,   Ghloriae  dioxide  or  chlorine  peroxide. 
CI,Oi,  Chlorine  heptoxide  or  perchloric  anhydride. 

These  oxyacids  and  their  salts  fm'nish  excellent  illustrations  • 
the  law  of  multiple  proportions. 

Nomenclature  of  Acids  and  Salts. — The  names  of  adc 
formed  by  the  union  of  hydrogen  with  one  other  element  id 
which  consequently  do  not  contain  oxygen  are  formed  by  takin 
the  characteristic  part  of  the  name  of  the  element  other  tha< 
hydrogen  and  adding  the  prefix  hydro-  and  the  suffix  -ic.  Fc 
example  hydro-chlor-ic  acid.  Salts  of  such  acids  are  named  1> 
combining  the  name  of  the  metal  which  replaces  the  hydrcige 
of  the  acid  with  another  word  formed  by  dropping  the  pr^ 
hydro-  from  the  name  of  the  acid  and  replacing  the  -ic  by  4di 
For  example,  sodium  chloride. 

In  naming  the  oxyacids  the  best  known  is  usually  deugnatt 
by  adding  to  the  characteristic  part  of  the  name  of  the  elemffl 
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>ther  than  hydrc^^  and  oxygen  tlie  suffix  ^c.  For  example, 
IClOi  is  called  chloric  acid.  The  names  of  the  salts  of  such  acids 
'M  in  -ate,  as  sodium  chlorate,  NaClOi. 

If  there  ia  an  acid  containing  more  oxygen  than  the  -ic  acid,  it 
is  distinguished  by  adding  to  the  name  of  the  -ic  acid  the  prefix 
per-  and  similarly  for  the  salt  as  perchloric  acid,  HCIO4,  and 
sodium  perchlorate.  That  acid  containing  the  next  smaller 
uuount  of  oxygen  than  the  -ic  acid  is  distinguished  by  the  suf- 
fix -ous  and  its  salts  are  called  the  -ites.  For  example,  chlorous 
scid,  HClOi,  and  sodium  chlorite. 

I{  there  is  an  acid  containing  a  atill  smaller  amount  of  oxygen 
tliui  the  -OUB  acid,  it  is  distinguished  by  adding  to  the  name 
of  the  -OUS  acid  the  prefix  hypo-  and  its  salts  are  called  hypo- 
'  '  .  .  -ites;  for  example,  hypochlorous  acid  and  sodium  hypo- 
chlorite. 

The  Preparation  of  the  O^gen  Compounds. of  Chlorine. — 
The  first  step  in  the  preparation  of  the  oxygen  compounds  of 
chlorine  is  the  reaction  between  water  and  chlorine. 

H,0  -I-  a,  f=t  HCl  -I-  Hao 
From  the  hypochlorous  acid  so  formed,  hypochlorites  can  be 
PKpared  by  neutraUzation  with  bases.  From  these  hypo- 
<^hlorites  by  appropriate  means  chlorates,  perchlorates,  chlorites, 
udthe  oxides  of  chlorine  may  be  made.  Th^  reaction  between 
chlorine  and  water  is  therefore  an 'important  one  and  may 
appropriately  be  called  the  key  reaction  for  the  oxygen  com- 
pounds of  chlorine.  It  is  reversible  and  is  very  incomplete 
Under  ordinary  circumstances.  Equilibrium  results  in  this  and 
otW  reversible  reactions  when  the  conditions  described  in  what 
u  known  as  the  Law  of  Mass  Action  are  fulfilled.  In  order 
tiiat  ve  may  have  a  proper  mastery  of  these  reversible  reactions, 
this  law  will  now  be  developed. 

Tfae  Law  of  Mass  Action. — The  law  of  mass  action  in  the  form 
in  trhich  it  is  to  be  developed  here,  applies  to  reversible  reactions 
in  equilibrium  at  constant  temperature.  Let  us  take  a  general 
**  and  say  that  we  have  a  reversible  reaction  between  A  ajid  B 
fw  the  formation  of  C  and  D.  Let  a,  b,  c,  and  d  represent  the 
etscentrations  of  A,  B,  C,  and  D  respectively,  and  let  R  stand  for 
^  rkte  at  which  A  and  B  combine  for  the  formation  of  C  and  D, 
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and  R'  for  that  at  which  C  and  D  react  for  the  re-formatioD  of  A 
and  B, 

A  +  Bi^C  +  D 

abed 

Then  from  what  we  have  already  learned,  p.  44,  the  rate 
at  which  A  and  B  react,  everything  else  being  constant,  is  pro- 
portional to  a,  and  likewise  to  b,  and  therefore  is  proportional 
to  their  product  since  a  number  proportional  to  each  of  two 
or  more  numbers  is  proportional  to  their  product  or 

H  =  Ka 
R  =  K'b 
R  =  K"ab 

Correspondingly  R'  the  rate  at  which  C  and  D  react  is  propor- 
tional to  the  concentration  of  C  and  to  that  of  D  and  hence  to  ibe 
product  of  these  concentrations 

R'  =  K"'c 
R'  =  K""d 
R'  =  K""'cd 

Equilibrium  will  result  in  all  such  reactions  when  the  two  rates 
are  equal,  and  therefore  at  equilibrium 


_E  -  E' 

K"ab  -  K' 

'"cd 

K"        cd 
K'""  "  sb 

-  k 

Expressed  in  words  this  would  be;  The  product  of  the  coneentr*" 
tion  of  the  resulting  substances  divided  by  the  product  of  tb^ 
concentration  of  the  reacting  substances  is  a  constant  for  ^ 
reversible  reaction  in  equihbrium  at  constant  temperature.  Fro*" 
this  it  follows  that  if  the  three  substances  A,  B,  and  C  react  ^ 
form  D,  E,  and  F,  equihbrium  will  result  when  def/abo  reached  * 
certain  definite  constant  value  whose  magnitude  depends  upO^ 
the  nature  of  the  substances  and  the  temperature,  but  not  upo" 
the  particular  values  of  the  concentrations  which  happen  to  exi^^ 
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n  any  one  case.     What  is  called  the  mass  law  equation  for  this 
reaction  is: 

abc 
Suppose  now  that  A  is  identical  with  B,  then  "a"  will  be  identical 
with  "b,"    The  chemical  equation  then  becomes 

A  + A  +  C?±D  +  E  +  P 
a        a       c        d        e        f 
or 

2A  +  C?=sD  +  E  +  P 
ud  the  mass  law  equation, 

def  ^  def  ^  j^ 
aac      a*c 
If  A  is  identical  with  B  and  C  and  if  D  and  E  are  identical,  these 
equations  become, 

A  +  A  +  A  ?:±  D  +  D  +  P 
3A  ?±  2D  +  F     - 
ddf  ^  d^  ^  g 
aaa       a' 
This  may  be  expressed  in  words  as  follows:  When  e^ilibrium 
^ffitUs  in  a  reversAle  reaction  at  conslarU,  temperature,  the  product  of 
'^  wncentration  of  the  resulting  avhatancea  divided  by  the  prodtui 
"i  ^  ameenircdiona  of  the  reading  avhatances — eiKh  concerUTOiion 
foiled  to  that  power  whose  exponent  ia  the  coefficient  of  the  svbatance 
I   '"  lAe  chemical  equation — ia  a  conatarU.    The  content  of  this 
I    "tatement  is  the  Law  of  Masa  Action. 

For  an  example  of  its  application  we  may  take  the  equilibrium 
■^t'een  water  vapor,  iron,  iron  oxide,  and  hydrc^en.  The 
squationia 

3Fe  +  4H,0  ^  PcO*  +  4H, 
a  b  c  d 

"*  maai  law  equation  is  ,_«.       *'i- 

°ii)ce  solids  and  liquids  change  their  volume  so  slightly  with 
''*igeB  of  presBiue,  it  follows  that  the  ratio  of  their  mass  to  their 
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volume  is  practically  constant;  therefore  the  concentration  of 
solid  substance  or  of  a  homogeneous  liquid  is  constant  and  onl; 
gases  and  dissolved  substances  have  variable  concentratioos. 

The  iron  and  the  iron  oxide  are  solids  so  their  concentratioM 
are  constant  and  may  be  combined  with  the  equilibrium  con- 
stant K.  The  conditions  of  equilibrium  are  therefore  dependent 
upon  the  concentratio;  )gen  and  of  the  water  vapor. 

The  mass  law  equation  s 

b*       .         ^ 
or 

d  _ 
b 

This  then  tells  \is  that  the:  inces  will  be  in  equilibnab 

when  there  is  a  certain  definite  ratio  between  the  concentraiioiu 
of  the  hydrogen  and  of  the  water  vapor. 

It  is  very  easy  to  see  from  this  that  if  the  concentration  of  the 
hydrogen  be  decreased,  the  water  must  react  with  the  iron  for 
the  formation  of  more  hydrogen  and  iron  oxide.  In  a  current 
of  ateam  which  sweeps  away  the  hydrogen,  equilibrium  will  never 
be  reached  and  the  reaction  will  continue  until  all  the  iron  i* 
used  up. 

The  law  of  mass  action  is  exceedingly  useful  in  that  it  enables 
one  to  tell  just  what  to  do  to  make  a  reversible  reaction  run  in 
either  dirt^ctioa  as  desired,  and  further,  if  we  know  the  magnitude 
of  k,  the  value  of  the  concentration  of  one  substance  can  be 
calculated — given  that  of  the  others. 

In  accordance  with  the  law  of  mobile  equilibrium  (page  57)i 
chemical  equilibrium  is  shifted  in  such  a  way  that  more  and  more 
of  the  substances,  which  arc  formed  with  the  absorption  of  hcflt. 
will  be  present  as  the  temperature  rises. 

From  this  it  may  be  seen  that  K,  the  equilibrium  constantf 
varies  with  the  temperature.     At  any  one  temperature  it  iBi 
however,  independent  of  the  absolute  value  of  the  concentrations- 
Let  us  apply  this  mass  law  to  the  reaction  between  water  M** 
chlorine  writing  the  latter  ionically, 

H,0  +  CU  fi  2H+  +  CI-  +  ClO- 
a  b  c  d  e 
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iuB  a,  b,  etc.,  represent  the  concentrations  of  the  substances 
>  above  them.  Equilibrium  will  result  when  c*de/ab  has 
:hed  a  certain  definite  ratio  or 

im  this  it  may  be  easily  seen  that  a  decrease  in  the  concentra- 
1  of  one  of  the  sul^tances  on  the  r^t  hand  of  the  equation 
I  decrease  the  numerator  of  the  constant  valued  fraction,  and 
i  must  result  in  the  reaction  proceeding  from  left  to  right, 
OTding  to  the  above  equation,  until  the  values  of  a  and  b  have 
m  decreased  and  those  of  c,  d  and  e  have  been  increased  suffi- 
ntly  to  restore  the  original  equilibrium  value  for  the  fraction. 
the  addition  of  any  hydroxide,  say  sodium  hydroxide,  the  con- 
itration  of  the  hydrogen  as  ion,  "c,"  may  be  decreased  through 
!  formation  of  water,  and  practically  all  the  free  chlorine 
ky  be  consumed.  Carbonates,  say  sodium  carbonate  NaiCOg, 
sDytbing  else  which  will  use  up  the  hydrogen  ion  will  act  in 
'.  same  way.  The  carbonates  tise  up  the  hydrogen  ion  through 
-  formation  of  carbonic  acid,  HiCOi,  which  is  not  much  more 
3ken  up  into  ite  ions  than  water.  The  HiCOi  is  unstable  and 
^  down  into  water  and  gaseous  carbon  dioxide  which  escapes 
nn  the  liquid  in  bubbles.  The  equations  are 
'H++Cl-+C10-+2Na++20H-  =  2H,0+2Na++Cl-+C10- 
d 
JHCl-+C10-+2Na*+C0,— =  H,C0,+2Na++Cl-+C10- 

H,C0i=H,O+C0, 
«  equations  written  in  the  ordinary  way  become 

Ha  +  HCIO  +  2NaOH  =  2H,0  +  NaCI  +  NaClO 
i 
BCI  +  HCIO  +  Na,CO,  =  H,0  +  NaCl  +  NaClO  +  COi 

either  case  we  say  that  sodium  chloride  and  sodium  hypo- 
lotite  are  formed.  The  reaction  is  not  usually  carried  out  by 
urating  water  with  chlorine  and  then  adding  sodium  hydroxide, 
>0H,  but  by  running  chlorine  into  sodium  hydroxide  solution 
i  the  equation  is  often  written, 

2NaOH  +  CI,  =  NaCl  +  NaClO  +  H,0 
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but  the  action  doubtless  takes  place  in  the  stages  indicated 
above.  Other  hypochlorites  can  be  made  from  the  hydrondef 
of  the  corresponding  metab  in  much  the  same  way  by  the  dirert 
action  of  chlorine  upon  the  hydroxide,  either  in  solution  or  in  the 
solid  state. 

Without  question  the  most  important  hypochlorite  is  that 
calcium,  wliich  in  the  form  of  ichlng  powder,  or  "chloridt 
of  lime,"  ae  it  is  often  called,  is  lunnufacturcd  by  the  thouaaaii* 
of  tons  from  chlorine  and  calci"  hydroxide.  This  bleachiJl 
powder  is  not  a.  pure  hypochlc  !,  but  is  a  mixed  salt,  half 
chloride  and  half  hypochlorite,  ...rmed  by  the  union  of  one 
atomic  weight  of  calcium  with  an  .tomic  weight  of  chlorine  ion 
and  one  of  hypochlorite  ion.  The  lormula  of  the  salt  is  giveain 
various  ways.     Perhaps  the  most  common  of  these  are 

CaCl(ClO),  Ca^plg,  or  CaCl,0 

The  equation  for  its  formation  ia  as  follows, 

Ca(0H)3  +  C\t  =  CaCl(ClO)  +  H,0 

This  bleaching  powder  is  a  solid  and  may  be  conveniently  shipped. 
It  is  easily  converted  into  chlorine,  into  sodium  hj-pochlorite 
and  chloridt;  solution,  or  into  hypochlorous  acid.  Upon  paaaing 
into  solution  in  water  it  acts  as  though  it  breaks  up  into  calcium 
as  ion  and  chlorine  and  hypochlorite  ions. 

CaCI(C10)^Ca-H-  +  CI"  +  ClO" 

Upon  the  addition  of  sodium  carbonate  the  very  slightly  solubk 
calcium  carbonate,  CaCOj,  is  precipitated,  and  sodium,  chlorinei 
and  hypochlorite  iona  are  left  in  solution. 

Ca+++Cl-+C10-+2Na++C03-i=iCaCOj+2Na++Cl-+CiO" 

CaCl(CIO)  +  NasCOa?±CaCOi  +  NaCl  +  NaClO  I 

The  solution,  containing  sodium  hypochlorite,  obtained  in  this 
way  is  very  largely  used  for  bleaching  cotton  and  linen  goods  in 
the  laundries. 

Solutions  containing  hypochlorite  are  often  formed  by  eiec- 
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Tolysis  of  solutions  of  chlorides.  Chlorine  is  liberated  at  the 
uiode  and  hydrogen  with  the  simultaneous  formation  of  hy- 
Iroxide  at  the  cathode.  The  apparatus  is  so  designed  that  the 
ihlorine  and  hydroxide  mix  almost  as  soon  as  formed  and  hence 
iypoehlorite  is  produced. 

The  hypochlorites  either  alone  or  when  mixed  with  chlorides 
are  good  oxidizing  and  bleaching  agents  and  also  are  excellent 
dudnfectants.  One  very  important  use  for  bleaching  powder  is 
in  Uie  purification  of  water.  This  depends  upon  the  fact  that 
▼ery  small  quantities  of  the  substance  will  kill  typhoid  and  other 
pathogenic  bacteria  without  injuring  the  water  for  domestic 
mrposes. 

The  ion  C10~  difiFers  markedly  in  properties  from  the  Cl~  It  is 
for  example,  a  strong  oxidizing  agent  and  does  not  give  a  precipi- 
tate of  silver  chloride  upon  the  addition  of  silver  nitrate. 

Decompositi(Hi  of  Hypochlorites. — Hypochlorous  acid  and  its 
nits  are  unstable  and  readily  undergo  change.  Sodium  hypo- 
dilorite,  for  example,  slowly  decomposes  into  the  chloride  and 
o^gen: 

2NaC10  =  2NaCl  +  0» 

He  addition  of  a  small  quantity  of  a  cobalt  salt  results  in  the 
'vntatioQ  of  a  black  precipitate  of  cobaltic  hydroxide  which  acts 
*>&  vigorous  catalyzer  for  the  decomposition  of  the  hypochlorites. 
^  this  way  oxygen  may  be  easily  obtained  from  bleaching 
powder.  By  adding  some  cobalt  salt  to  sodium  hydroxide  solu- 
ticn  &nd  then  passing  in  chlorine,  a  steady  stream  of  oxygen  may 
^obtained.    This  reaction  may  be  represented  as  follows: 

4NaOH  +  2C1,  =  4NaCl  +  2H,0  +  O, 

Mixtures  of  iron  and  copper  sulfates  work  in  practically  the 
'^  way  as  cobalt  salts  and  are  used  in  the  technical  preparation 
'^Oxygen  firom  bleaching  powder. 

Tliis  same  decomposition  of  hypochlorites  may  be  accelerated 
Of  light  and  takes  place  fairly  rapidly  in  sunlight.  The  action  of 
light  on  chlorine  water  finds  an  explanation  from  this  fact.  The 
(lilorina  acts  on  water,  forming  hypochlorous  and  hydrochloric 


acids,  and  the  hypochlorous  acid  then  decomposes  into  oxygen  I 
and  hydrochloric  acid: 


or  combining, 


H,0  +  Clrt=tHCl  +  HCIO 
2HC10  =  2HC1  +  0, 


2H,0  +  2C'        "JCI  +  0, 


This  ability  of  hjpochlorous 
is  closely  connected  with  the  oxi 

In  addition  to  decomposing  i 
chlorites  change  slowly  into  chi 
ample,  sodium  hypochlorite  passe 
chloride,  as  shown  in  the  foUowii 


ind  its  salts  to  yield  oxygen  I 
5  power  of  these  compoiuxk  I 
>xygen  and  chlorides,  hypo- 1 
168  and  chlorides.  For  ex-f 
into  sodium  chlorate  and  | 
^nation : 


3NaCI0  =  NaC       ,  +  2NaCl 


This  change  takes  place  more  rapidly  when  the  solution  is  heated 
and  especially  if  the  solution  is  acid  or  contains  an  excess  of 
chlorine.  An  alkaline  solution  of  a  hypochlorite  is  fairly  stable. 
The  chlorate  formed  as  described  above  slowly  changes  into 
chloride  and  perchlorate  and  the  latter  in  turn  decomposes  into 
chloride  and  oxygen.  In  order  that  the  reactions  shall  take 
place  at  a  reasonable  rate  the  temperature  must  be  far  above 
the  boiling-point  of  water,  so  to  obtain  them  the  dry  salts  are 
heated.     The  equations  are 


and 


4NaCI0a  =  3NaC10*  +  NaCl 
NaClO.  =  NaCl  +  20, 


The  final  result  is  that,  after  going  through  these  stages,  the 
hypochlorite  ultimately  is  changed  completely  into  chloride  and 
oxygen  as  is  the  case  with  the  cold  solution  in  the  presence  of  a 
cobalt  salt.     The  hypochlorite,   chlorate,   and   perchlorate  are 
unstable  substances,  while  the  chloride  and  oxygen  are  stable.  I 
Except  in  the  presence  of  cobalt  oxide,  etc.,  the  system  sodium  ] 
hydroxide  and  chlorine  docs  not  pass  directly  to  its  most  stat 
state,  sodium  chloride,  oxygen  and  water,  but  goes  through 
series  of  stages  each  more  stable  than  its  predeceflsor  until  tl 
final  stable  condition  is  reached.    In  this  respect,  this  systu 
seems  to  be  typical  of  manv  others  which  behave  umilarily.    So 
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S^tierally  is  this  the  case  that  it  is  described  in  what  is  called 
^stwald's  Law  of  Successive  ReaciionSy  which  states  that  a  system 
^oes  not  pass  direcUy  from  the  least  stable  to  the  most  stable  state, 
^Ui  does  so  throiLgh  a  series  of  steps  or  stages  of  gradually  increasing 
^kAUity. 

We  may  represent  the  successive  steps  in  the  transformation 
^f  the  unstable  system,  sodium  hydroxide  and  chlorine,  into  the 
stable  onei  sodium  chloride,  oxygen  and  water  as  follows: 

j^NaOH  -h  12C1  j 

12H,0  +  12Naa  +  |l2Naao| 

3B     +il 


8 


if       ^  8NaCl  +  kNaClOJ 
^  "Is  tAl 

I  ^^    X  NaCl  +  |3NaC10j 

12NaCl  +  60,       4NaCl  +  60,      3NaCl  +  60, 

The  conditions  stated  along  each  arrow  show  the  factors  which 

favor  the  change  indicated  by  the  arrow. 

This  is  typical  of  the  changes  undergone  by  other  systems  of 

bases  and  chlorine  and  gives  briefly  a  general  scheme  for  the 

preparation  of  hypochlorites,  chlorates,  and  perchlorates. 

Hypochlorous  Acid. — Hypochlorous  acid  is  very  volatile  and 
will  stand  distillation,  consequently  it  is  easily  prepared  from 
its  salts  by  the  first  general  method,  by  adding  to  a  hypochlorite 
ft  less  volatile  acid  and  distilling.  The  reaction  must  be  carried 
out  in  rather  dilute  solution  since  the  concentrated  acid  readily 
decomposes  into  water  and  chlorine  monoxide,  CUO.  Since 
hypochlorites  are  difficult  to  prepare  pure,  a  mixture  of  hypo- 
(Uorite  and  chloride  is  generally  used.  Hypochlorous  acid 
Hao,  is  a  very  much  weaker  acid  than  hydrochloric,  HCl 
and  is  almost  exclusively  formed  if  a  little  less  acid  is  added  than 
the  amount  required  to  act  upon  the  hypochlorite  which  is 
present.  It  is  very  important  that  an  excess  of  acid  be  avoided 
^ce  hydrochloric  and  hypochlorous  acids  react  very  rapidly  to 
form  chlorine  and'  water. 


Ha  +  HCIO  =  H,0  +  CU 
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Bleaching  powder  is  usually  used  to  furnish  the  hypoohlorit 
and  nitric  acid  is  the  added  acid,  care  being  taken  to  add  it 
little  at  a  time  and  to  stir  vigorously  to  avoid  any  local  escM 
The  equation  is 

2Caa{C10)  +  2HN0,  =  2HpO  +  CaO,  +  Ca(NO,)i 

Instead  of  nitric  acid  one  n  se  hydrochloric  or  still  bette 
the  very  weak  boric  acid. 

The  hypochlorous  acid  formi  is  volatile  and  pa^ea  over  wil 
the  first  part  of  the  water.  It  ly  be  still  further  concenttflt< 
by  fractional  diatillation. 

Properties  of  Hypochlorous  i  i. — ^The  anhydrous  acid  canni 
be  prepared,  so  it  is  known  i  in  solution.  Its  concentrat* 
solutions  have  a  yellow  color  ,  smell  something  like  bleachit 
powder.  In  dilute  solutions  it  is  almost  colorless.  It  neutraliK 
strong  bases  and  forms  hypochlorites. 

It  is  unstable  and  decomposes  in  several  ways.  When  wanw 
or  exposed  to  sunlight,  it  may  decompose  into  hydrochloric  W 
and  oxygen. 

2HaO  =  2Ha  +  0» 

or  it  may  change  into  hydrochloric  and  chloric  acids. 

3Hao  =  2Ha  +  Hao, 

This  latter  change  takea  place  even  in  the  dark. 

In  the  two  cases  given  above,  hypochlorous  acid  acts  like  oti) 
hypochlorites,  but  hypochlorous  acid  differs  in  one  respect  fr( 
other  hypochlorites,  and  that  is,  in  very  concentrated  solution 
will  decompose  into  water  and  chlorine  monoxide. 

2HC10«=iH^  +  CUO 

This  reaction  is  reversible  and  hypochlorous  acid  is  formed 
the  union  of  water  and  chlorine  monoxide;  consequently  ' 
latter  is  often  called  hypochlorous  anhydride.  An  anlqrdr 
is  an  oxide  which  will  combine  with  water  to  form  an  acid. 

As  has  been  mentioned,  hypochlorous  acid  is  a  powei 
oxidizing  and  bleaching  agent,  being  more  active  in  this  ree[: 
than  other  hypochlorites.  In  fact,  there  is  some  little  evide 
that  solutions  of  hypochlorites  owe  a  part  of  then-  bleaching  po 
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>o  the  presence  in  them  of  hypochlorous  acid.  Hypochlorous 
3tcid  bleaches  because  it  oxidizes  and  destroys  the  coloring  matters 
wrbich  isure  usually  very  complex  carbon  compounds.  Each  of 
felieee  compounds  owes  its  color  to  a  certain  definite  combination 
of  its  constituents^  and  when  this  combination  is  broken  up  by 
oxidation  or  otherwise  the  color  is  destroyed.  Usually  the 
reaction  is  too  complex  to  be  represented  by  an  equation. 

It  will  be  recalled  that  chlorine  was  not  active  as  a  bleaching 
,  agent  until  the  article  to  be  acted  upon  was  moistened.  It  is 
^.  probable  that  it  is  really  the  hypochlorous  acid  formed  by  the 
^  metion  of  the  chlorine  on  the  water  which  does  the  bleaching. 
Cotton  or  linen  goods  are  prepared  for  bleaching  by  boiling  them 
in  a  soap  solution  for  a  time  to  remove  grease  and  oils  and  then 
faasing  them  through  a  dilute  solution  of  bleaching  powder 
ttnd  into  very  dilute  sulfuric  acid.  The  last  two  processes  are 
vopeated  until  the  desired  results  are  reached.  The  goods  are 
then  carefully  washed  to  remove  the  excess  of  chemicals.  The 
solutions  must  be  very  dilute  and  the  operation  carried  out  with 
cue  or  a  large  part  of  the  strength  of  the  fabric  will  be  destroyed. 
Even  under  the  best  conditions  the  cloth  is  considerably  weak- 
coed.  Wool,  silky  and  feathers  are  so  greatly  altered  by  chlorine, 
I^ypochlorous  acid  and  hypochlorites,  that  they  cannot  be 
bleached  by  these  substances.  Hypochlorous  acid  is  formed  by 
^e  action  of  carbon  dioxide,  CO2,  upon  moist  bleaching  powder, 

2Caa(aO)  +  H,0  +  CO2  =  CaCOa  +  CaCU  +  2HC10 

ttd  sometimes  in  bleaching,  the  goods  which  have  been  wet  in 
l^hing  powder  solution,  are  simply  hung  in  the  air  instead  of 
being  treated  with  sulphuric  acid.  Hypochlorous  acid  is  a  power- 
ful disinfectant. 

Chlorine  Monoxide. — Chlorine  monoxide  or  hypochlorous 
^i^ydride  is  usually  prepared  not  by  the  decomposition  of 
hypochlorous  acid  which  was  mentioned  above,  but  by  the 
action  of  chlorine  on  mercuric  oxide  whereby  mercuric  oxy- 
chloride  and  the  chlorine  monoxide  are  formed  according  to  the 
following  equation: 

2HgO  +  2C1,  =  CI2O  +  HgOHgClj 

The  chlorine  monoxide  is  a  yellowish-brown  gaseous  substance 
^^lioh  may  be  condensed  to  a  liquid  boiling  at  +  5^C.    Its  odor 
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01  hypochlorites  as  has  been  described  t 
take  place  most  readily  when  the  soliiti 
and  slightly  acid  or  contain  an  excess  of  cl 

Potassium  chlorate  is  the  most  widely  u 
these  salts,  although  sodium  chlorate  is 
many  purposes  because  the  latter  is  more  s 

Potassium  chlorate  may  be  prepared  by 
chlorine  into  a  warm  concentrated  solution  < 
ide.    The  reaction  takes  place  in  stages  as 
sodium   chlorate,   the  hypochlorite  being 
equations  are 

2K0H  +  Cl,  =  KCl  +  KCIO 
3KC10  =  2KC1  +  KCIO 

or  combining  into  one  and  omitting  the  inte: 

6K0H  +  3CI2  =  5KC1  +  KCIO, 

The  chlorate  is  much  less  soluble  than  the  ( 
centrating  the  solution  and  allowing  it  to 
separates  out  mixed  with  only  a  Uttle  of  the  ( 
be  removed  by  a  second  crystallization.  As  \ 
equation  just  given,  only  onensixth  of  the  s 
potassiiun  hydroxide  is  converted  into  chloi 
formed  at  the  same  time,  occurs  in  nature  in  ] 
has  a  comparatively  small  value.  On  a  manu 
waste  is  avoided  bv  first  nro*---— 
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This  reaction  is  reversible  and  far  from  complete,  but  the  potas- 
sium chlorate  is  only  moderately  soluble  in  cold  water,  while  the 
potassium  chloride  is  easily  and  the  calcium  chloride  and  chlorate 
exceedingly  soluble;  so  when  the  solution  is  concentrated  and 
eodedy  potassium  chlorate  passes  out  of  solution  in  the  form  of 
eiystals.    As  the  potassium  chlorate  separates  from  the  solution 
more  is  formed  until  finally  the  greater  part  of  the  chlorate  has 
been  obtained  in  the  form  of  the  potassium  salt. 

Chlorates  are  also  very  largely  made  by  electrolysis,  the  process 
being  very  much  like  that  for  the  preparation  of  hypochlorites, 
the  main  difference  being  that  the  solution  is  kept  hot  and  very 
slij^tly  acid,  conditions  which  it  will  be  recalled  are  favorable 
to  the  change  of  hypochlorites  into  chlorates. 

Piroperties  of  CUorates. — ^All  chlorates  are  at  least  moderately 
soiuble  in  water,  and  many  are  so  very  soluble  that  they  are 
^Miquescent.  Potassium  chlorate  is  one  of  the  least  soluble  of 
^ese  salts,  100  parts  of  water  at  O^C.  dissolve  3.14  parts  of  this 
salt.  The  solubiUty  increases  rapidly  with  rising  temperature  so 
^t  at  lOO^C.  it  is  approximately  eighteen  times  that  at  O^C. 

The  chlorates  all  give  off  oxygen  upon  being  heated  and  are 
^ng  oxidizing  agents.  Because  of  this  property  they  are 
Q^uch  used  in  making  fireworks,  dyes,  matches,  and  explosives, 
^intimate  mixture  of  sugar,  CuHssOn,  and  potassium  chlorate 
18  sometimes  used  as  a  blasting  powder,  but  Uke  practically  all 
othor  explosives  containing  chlorates,  it  is  treacherous  and 
dangerous  to  handle.  The  addition  of  a  Uttle  castor  oil  makes 
these  explosives  safer. 

Potassium  chlorate,  it  will  be  recalled,  was  used  in  the  labora- 
tory preparation  of  oxygen.     The  equation  is, 

2KC10,  =  2KC1  +  30, 

The  oxygen  so  prepared  almost  always  contains  a  trace  of 
chlorine. 

Like  sodiiun  chlorate,  potassium  chlorate  if  slowly  and  care- 
fully heated  will  pass  into  potassium  perchlorate,  KCIO4: 

4KC10,  =  KCl  -h  3KCIO4 

Although  chlorates  are  good  oxidizing  agents,  they  are  less 
powerful  than  the  hypochlorites  being  more  stable  compounds. 
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Preparation  of  Chloric  Acid. — Chloric  acid  cannot  be  i 
without  (Iccompoaition  and  therefore  cannot  be  prepari 
its  salts  by  the  first  (general  tniithod  for  the  preparation  t 
It  is  made  by  what  is  known  as  the  second  general  method 
preparation  of  acids  from  their  salts  which  is  brieSy  as 
Add  to  a  solviion  of  a  salt  of  the  dented  add  another  add  i 
to  chosen  thai  the  anion  of  the  added  acid  shall  form  a  ve 
ctiUly  soluble  compound  vnlk  the  cation  of  thu  salt.  Tb 
pound  is  at  once  formed  and  passes  out  of  solution,  leav 
hydrogen  ion  of  the  added  acid  and  the  anion  of  the  salt 
lion,  that  is,  forming  a  solution  of  the  desired  acid.  By 
evaporation,  this  acid  may  be  tlien  obtained  in  a  pure  or  a1 
more  or  less  concentrated  form.  Of  course  the  salt  to  1 
and  the  acid  to  be  added  must  be  very  carefully  chosen,  a 
the  correct  amount  of  each  used.  Silver  chloride  and 
sulfate  are  among  the  least  soluble  of  the  salts,  so  silver  el 
AgClOi,  with  hydrochloric  acid,  or  barium  chlorate,  Ba( 
with  sulfuric  acid  are  well  adapted  for  the  formation  of 
acid  according  to  the  following  equations: 

AgClO,  +  HCl  =  HCIO,  +  AgCl 
and 

Ba(CIO,)s  +  H^04  =  2HC10,  +  BaSO« 
Barium  chlorate  is  much  cheaper  than  silver  chlorate, 
latter  reaction  is  the  one  usually  used.  The  acid  aok 
filtered  from  the  white  precipitate  of  barium  sulfate,  BaS' 
concentrated  by  evaporation  at  a  temperature  below 
until  it  contains  40  per  cent,  of  the  acid.  The  dilute  Boh 
colorless  while  the  concentrated  has  a  yellowish  tint, 
strong  acid. 

The  solution  slowly  decomposes  in  a  number  of  ways, 
form  perchloric  acid,  HCIO«, 

4HCI0,  =  HCl  +  3HC10* 
or  break  down  into  hydrochloric  acid  and  oxygen, 

2HC10  I  =  2HC1  +  30i 
The  HCl  so  formed  then  reacts  with  more  HClOj  to  form  c 
and  water, 

5HCI  +  HCIO,  =  3H,0  +  301, 
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i  addition  it  may  go  over  into  water,  chlorine  dioxide,  CIOi,  and 
Tgen. 

4HC10,  =  2H,0  +  4C10i  +  0, 

When  concentrated  sulfuric  acid  is  poured  on  a  chlorate,  chloric 
ud  ia  formed,  which  at  once  decomposes  as  shown  above.  The 
blorine  dioxide  so  produced  generally  explodes  spontaneously 
ntii  such  violence  that  only  very  small  quantities  of  chlorate 
hould  be  used. 

Chloric  acid  has  found  no  important  application,  but  its  salts 
m  largely  used. 

Separation  of  Salts. — A  solid  salt  generally  separates  from  its 
nlutions  in  the  form  of  crystals,  and  the  process  of  obtaining 
tliese  ia  called  crystallization.  It  is  very  evident  from  what  has 
tKen  learned,  p.  61,  that  crystals  cannot  form  in  an  unsaturated 
ulution.  In  fact  the  solution  must  be  more  than  saturated, 
supeisaturated,  before  they  can  separate.  But  in  the  absence 
of  the  solid  solute  a  solution  may  be  considerably  supersaturated 
vithout  crystallization  taking  place. 

Since  most  substances  are  more  soluble  at  high  temperatures 
than  at  low,  it  is  usually  very  easy  to  prepare  supersaturated 
solutions  by  making  a  saturated  solution  at  a  somewhat  elevated 
temperature  and  then  cooling  the  liquid  after  the  removal  of 
*oy  excess  of  the  undissolved  solid.  The  cooled  solution  becomes 
"Jpereaturated  and  may  often  be  preserved  for  a  long  time  in  this 
coDdition  by  carefully  excluding  dust  which  usually  contains 
%ough  small  particles  of  the  solute  to  bring  about  crystallization. 
Generally,  however,  it  will  spontaneously  deposit  crystals  as 
Won  as  it  reaches  a  certain  d^ree  of  supersaturation.  After  the 
wpfiration  has  once  started  it  will  continue  until  only  so  much  of 
^  Nlute  remains  dissolved  as  corresponds  to  its  solubility  at 
^t  temperature.  If  the  supersaturated  solution  was  prepared 
'rom  ciystals  of  the  substance,  the  process  of  reobtaining  the 
f'yHtals  18  known  as  recrystaUization,  and  is  very  commonly  used 
^  the  purification  of  substances.  The  process  of  recrystallization 
^hich  has  just  been  outlined  is  esi>ecially  adapted  to  the  purifica- 
^oq  of  such  substances  as  change  their  solubility  very  rapidly 
^th  the  temperature.  Potassium  chlorate  is  a  good  example. 
"^  process  is  not  so  well  adapted  to  potassium  chkir 


impure  as  before. 

When  a  mixture  of  salts  is  dissolved  in  w 
value  of  the  solubility  of  each  salt  is  more  or 
general    relationships   are    left    unchanged, 
salt  can  crystallize,  the  solution  must  becc 
with  that  particular  salt.    As  a  general  rule 
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crystallize  by  itself,  and  if  two  or  more  sepa 
time,  a  mixture  of  crystals  of  the  salts  will  b 
than  crystals,  each  of  which  contains  every  sal 
Upon  the  evaporation  of  a  solution  of  a  mi> 
say  for  examnlo 
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It  ifi  not  necessarity  the  least  soluble  salt  which  separates  first, 
it  that  one  whose  point  of  saturation  is  first  exceeded.  This 
ay  easily  be  the  case  with  the  more  soluble  salt  if  it  is  present 
relatively  large  quantities. 

Perchlorates. — Potassium  perchlorate  is  easily  prepared  by 
Kting  potassium  chlorate  until  it  melts  and  then  keeping  it  at 
UB  temperature  for  some  time.  A  little  oxygen  is  given  off  and 
ilids  b^n  to  form  in  the  molten  salt.  After  a  time  the 
hole  thing  goes  solid,  although  the  temperature  has  not  been 
>wered.  The  solid  so  formed  is  a  mixture  of  potassium  chloride, 
'CI,  and  potassium  perchlorate,  KCIO4.  It  is  formed  according 
'  the  followii^  equation, 

4KC10,  =  3KCIO4  +  KCl 

he  evolution  of  the  oxygen  had  nothing  essentially  to  do  with 
"B  reaction,  and  hence  is  not  shown  in  the  equation.  It  is 
iQed  by  the  side  reaction, 

2KCI0,  =  2KC1  +  30s 

The  potassium  perchlorate,  KCIO4,  is  only  shghtty  soluble,  so 
>s  easily  separated  from  the  potassium  chloride,  KCl,  by  finely 
^dering  the  mixture  and  dissolving  out  the  potassium  chloride 
th  cold  water.  A  recrystalliiation  of  the  residue  from  hot 
Iter  yields  pure  potassium  perchlorate,  KCIO4. 
The  perchlorates  are  much  more  stable  than  the  hypochlorites 
chlorates.  Upon  being  heated  they  yield  oxygen  and  chlorides, 
d  may  also  act  as  oxidizing  agents  but  are  not  as  active  as 
pochlorites  or  chlorates.  They  are  all  more  or  less  soluble  in 
iter,  the  potassium  salt  being  one  of  the  least  soluble.  Some 
them  are  used  in  matches  and  fireworks  because  they  are  safer 
%a  the  chlorates. 

Perchloric  Acid. — Perchloric  acid  is  easily  formed  from  the 
tassium  salt  by  the  first  general  method,  using  sulfuric  acid 
d  cautiously  distilling  under  diminished  pressure.  Dense 
lite  fumes  are  evolved  and  a  colorless  or  slightly  yellow  liquid 
tills,  consisting  of  pure  perchloric  acid,  HCIO4,  which  condenses 
the  receiver. 

Mixtures  of  perchloric  acid  and  water  act  like  mixtures  of 
drochloric  acid  and  water  in  that  there  is  s  conab 
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mixture  of  minimum  vapor  pressure  and  maximum  boiiing-poin 
This  mixture  contains  72  per  cent,  of  acid  and  boils  at  203°C 
By  adding  to  this  constant  boiling  mixture  twice  its  volume  • 
concentrated  sulfuric  acid,  and  distilling,  pure  perchloric  ac 
may  be  obtained. 

The  pure  acid  is  volatile,  boiling  at  19°C.  under  a  pressure 
1.1  cm.  of  mercury;  and  has  a  density  of  1.78.  It  is  a  goc 
oxidizing  agent  and  decomposes  with  great  readiness  so  th. 
when  brought  in  contact  with  oxidizable  substances  it  general 
explodes  with  violence.  When  heated  under  atmospheric  pre 
sure  it  decomposes  at  92°C.  It  dissolves  in  water  with  a  hiseii 
noise  and  the  evolution  of  much  beat.  The  aqueous  acid  of  t 
strengths  up  to  the  constant  boiling  mixture  is  entirely  stabli 
Unlike  hypochlorous  and  chloric  acids,  it  does  not  liberal 
chlorine  from  hydrochloric  acid.  It  combines  with  water  t 
form  white  crystals  of  perchloric  acid  monohydrate  HClOt-HiO 

Perchloric  Anhydride. — Perchloric  anhydride,  CljOi,  may  b 
prepared  by  adding  to  perchloric  acid  phosphorus  pentoxide 
PiOt,  keeping  the  whole  cool  by  a  freezing  mixture  of  ice  s^' 
salt.  After  standing  for  a  day  the  mixture  is  distilled.  TIl 
anhydride  is  colorless  and  boils  at  82°C.  It  may  be  distill^' 
under  ordinary  pressure  without  danger,  but  explodes  whe 
struck  or  brought  in  contact  with  a  flame. 

Chlorine  Dioxide  and  Gblorites. — As  has  already  been  taec 
tioned,  one  of  the  ways  in  which  chloric  acid  decomposes,  is  int 
water,  chlorine  dioxide,  ClOj,  and  oxygen: 

4HC10,  =  2H,0  +  4C10j  +  0, 

Chlorine  dioxide  is  a  yellow-brown  gaseous  substance  whic 
may  be  condensed  in  a  tube  cooled  with  ice  and  salt.  The  boi 
ing-point  of  the  liquid  is  about  10°C.  Both  the  liquid  and  il 
vapor  are  extremely  explosive.  The  vapor  explodes  wh€ 
brought  in  contact  with  a  metal  rod  heated  to  a  temperatui 
far  below  redness.  The  products  of  the  explosion  are  chlorii 
and  oxygen. 

When  passed  into  sodium  hydroxide  solution,  it  yields  a  mixtu 
of  sodium  chlorate  and  chlorite,  NaClOt. 

2NaOH  +  2C10,  =  NaClO,  +  NaClO,  +  H,0 
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llie  chlorites  are  all  unstable  substances  for  which  no  appli- 
cations have  been  found.    The  acid  is  known  only  in  dilute  solu- 
tions.   The  chlorites  appear  to  stand  between  the  hypochlorites 
ind  the  chlorates  in  the  order  of  stability,  but  the  evidence  is  not 
entirely  conclusive. 
RelatiTe  Oxidizing  Power. — It  might    very  reasonably   be 
f   dioQght    that  perchloric    acids    and    chloric  acids  would  be 
I    Btronger  oxidizing  agents  than  hypochlorous  acid,  because  the 
I    former  contain  more  oxygen  per  mole;  but  this  is  not  the  case. 
'    Hypochlorous  acid  is  the  strongest,  and  perchloric  the  weakest, 
f    lUs  ia  connected  with  the  fact  that  hypochlorous  acid  is  the 
\    most  unstable  and  perchloric  the  most  stable  of  the  series. 


CHAPTER  XI 


BROMINE,  lODI 


D  FLUORINE 


inc  and  iodine  form  a  group 
semble  one  another  in  their 
ampounds  which  they  form. 
y.  From  what  is  to  follow, 
change  in  properties  of  Ihe 
the  atomic  weight 
'cry  evident  that  chlorine, 


General. — Fluorine,  chlorine, 
or  family  of  elements  which  clost, 
chemical  propeilies  and  those  of 
This  group  is  cailod  the  halogei 
it  will  be  seen  thut  there  is  a  reg 
halogens  and  their  compounds 
element  increases.  It  will  also  u. 
bromine  and  iodine  resemble  each  otner  much  more  closely  than 
they  do  fluorine.  For  this  reason  the  discussion  of  chlorine  will 
be  followed  immediately  by  that  of  bromine  and  iodine  and 
fluorine  will  be  taken  up  last. 

Bromine  and  iodine  are  so  much  like  chlorine  that  a  very  fair 
knowledge  of  their  chemistry  may  be  easily  obtained  by  compari- 
son with  that  of  chlorine,  noting  the  many  points  of  resemblance 
and  the  few  differences.  TAp  root  of  most  of  these  differenceg  iia 
in  the  fad  thai  bromine  is  liberated  from  its  compounds  by  weaker 
oxidizing  agrnis  than  chlorine,  and  that  iodine  is  still  more  readily 
set  free  than  bromine. 

Brouinb 

Occurrence. — Like  chlorine,  bromine  is  never  found  free,  but 
only  in  combination,  chiefly  as  bromides  of  sodium,  potassium, 
and  magnesium.  It  is  not  nearly  as  abundant  as  chlorine,  and 
its  compounds  are  never  found  in  anything  like  a  pure  state,  but 
are  always  mixed  with  very  much  larger  quantities  of  chlorides. 
It  is  found  in  sea  water,  many  mineral  springs,  salt  wells,  and  beds 
of  rock  salt.  These  beds  of  rock  salt  have  doubtless  been  formed 
by  the  evaporation  of  sea  water,  so  the  presence  of  bromides  in 
them  is  not  surprising.  The  bromine  content  of  salt  beds  differs 
rather  widely,  and  naturally  only  the  richer  deposits  are  utilized 
as  sources  of  bromine.    The  chief  bromine-producing  localities 
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Te  Stassfurt    in  Germany,    and    Michigan,  Pennsylvania,  and 
est  Virginia,  in  the  United  States. 

Preparation  of  the  Element — From  the  fact  that  bromine  is 

ore  easily  liberated  than  chlorine,  it  follows  that  any  of  the 

idizing  agents  used  in  the  preparation  of  chlorine  may  be 

ployed  for  bromine,  so  we  may  match  each  of  the  methods 

iven  in  the  preceding  chapter  for  the  preparation  of  chlorine  by 

m  similar  one  for  bromine,  as  shown  by  the  following  equations: 

4HC1  +  02  =  2H2O  +  2CU 
4HBr  +  02  =  2H2O  +  2Br, 
4HC1  +  MnOa  =  MnCl,  +  CI2  +  2H2O 
4HBr  +  MnOj  =  MnBr,  +  Br,  +  2H2O 
2NaCl  +  MnO,  +  3H2SO4  =  MnS04  +  2NaHS04  +  CI2  +  2H2O 
2NaBr  +  MnOj  +  3H2SO4  =  MnS04  +  2NaHS04  +  Br,  +  2H2O 
2KMn04  +  16HC1  =  2MnCl,  +  2KC1  +  501,  +  8H2O 
2KMn04  +  16HBr  =  2MnBr2  +  2KBr  +  5Br2  +  8H2O 
CaCUO  +  2HC1  =  CaCU  +  CI2  +  H2O 
CaCljO  +  2HBr  =  CaCl,  +  Br2  +  H2O 

Electrolysis   of   chlorides   and   bromides   yields   respectively 
fihiorine    and    bromine    at   the 
anode. 

Of  these  reactions,  that  be- 
tween the  bromides,  manganese 
dioxide  and  sulfuric  acid  (Fig. 
27),  18  the  most  important  be- 
cause the  bromides  are  much 
cheaper  and  more  easily  ob- 
tained than  hydrobromic  acid. 

In  addition  to  the  above, 
bromine  is  liberated  by  a  num- 
ber of  oxidizing  agents  which 
cannot  act  on  chlorides.  The 
element  chlorine  is  an  oxidizing  agent,  not  as  powerful  of  course 
the  ones  used  to  set  it  free,  but  still  powerful  enough  to 
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liberate  bromine  as  shown  in  the  following  equation: 


2NaBr  +  CI,  =  2NaCl  +  Brj 
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The  reaction  is  really  between  the  free  chlorine  and  the  bromuiE  J 

2Br-  +  CI,  =  2Cr  +  Br, 

and  consequently  ia  an  exchange  of  charges,  and  yet  the  liberatioa 
of  bromine  from  a  bromide  is  considered  oxidation;  so  this  kind 
of  exchange  of  charges  must  i^  '■""nted  oxidation  and  kept  in 
mind  until  a  general  defini 


given.     It  is  by  this  reaction 
merce  is  obt^ned. 

Concentrated  sulfm'ic  acid 
strong  enough  to  act  on  hj 
chloric  acid. 

2HBr  +  H,SO«  = 


dation  and  reduction  can  be 
lost  of  the  bromine  of 


irly  strong  oxidizing  agent, 
lie  acid,  bat  not  on  hydro- 


f  SO,  +  2H,0 


This  last  action  must  be  kept  >      nind  in  the  preparation  of 
hydrobromic  acid. 

Physical  Properties  of  Bromine. — Bromine  ia  a  dark,  browniali- 
red  liquid,  which  is  almost  opaque  in  thick  layera,  and  has  a 
density  of  3.19.  It  boils  at  59°C.  and  freezes  at  -  7.3°C.  The 
liquid  produces  very  severe  "burns"  if  it  comes  in  contact  wid 
the  skin.  Bromine  is  an  easily  volatile  liquid  since  its  vspor 
pressure  at  ordinary  temperature  is  about  20  cm.  The  vapor 
has  a  deep  red  color,  an  exceedingly  stifling  odor,  and  is  verj' 
irritating  to  the  mucous  membrane.  The  name  bromine  is  de- 
rived from  the  Greek  word,  Pputtot,  meaning  a  stench.  The  den- 
sity of  the  bromine  vapors  ia  five  times  that  of  oxygen  and  in- 
dicates a  molecular  weight  of  160.  Since  the  atomic  weight  o(  I 
bromine  (79.92)  ia  half  the  molecular  weight,  its  formula  is  Bn. 
At  higher  temperatures  the  molecular  weight  becomes  somewhat 
less,  indicating  a  partial  dissociation  of  the  Brj  into  Br.  Iodine 
shows  this  tendency  still  more  strongly. 

Bromine  dissolves  in  water  to  the  extent  of  about  3  parts  by 
weight  of  bromine  to  100  parts  of  water  at  ordinary  temp««tuie. 
The  solution  has  a  yellowish-red  color,  smelb  of  bromine,  and 
may  often  be  used  in  the  place  of  the  latter  when  water  does 
not  interfere  with  the  reactions.  The  solubility  of  bromine 
is  markedly  increased  if  the  water  also  contains  some  soluble 
bromides.  It  is  more  soluble  in  carbon  disulfide,  alcohol,  and 
many  organic  solvents  than  it  is  in  water. 
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Chemical  Properties. — The  chemical  properties  of  bromine  are 
''ery  much  like  those  of  chlorine,  modified  by  the  fact  that  it  is 
lower  and  less  intense  in  its  action  than  the  latter.     It  is  a 
^powerful   oxidizing   agent,   though  less  so   than  chlorine.     It 
^Mmibines  directly  with  hydrogen  and  most  of  the  other  elements 
"Vorming  bromides.    With  water  it  forms  a  hydrate,  Brj-SHjO, 
--^^vfaich,  in  general,  is  similar  to  chlorine  hydrate. 

Hydrogen  Bromide. — ^With  slight  modifications  due  to  the  facts 
•  mentioned  above,  that  bromine  does  not  combine  as  vigorously 
"^th  hydrogen  as  chlorine  does,  and  that  hydrogea  bromide  is 
iQore  easily  oxidized  than  hydrogen  chloride,  practically  every 
siethod  given  in  Chapter  VIII  for  the  preparation  of  hydrogen 
I  diloride  may  be  matched  by  a  corresponding  one  for  hydrogen 
I    bromide.    This  is  shown  by  the  following  equations. 

I  Ha  +  CI2  =  2Ha 

Ha  +  Bra  =  2HBr 

The  mixture  of  hydrogen  and  bromine  does  not  explode  when 
Q|[po6ed  to  simlight  or  an  electric  spark,  as  that  of  hydrogen  and 
<ddorine  does,  but  combines  fairly  rapidly  at  high  temperatures 
^der  the  influence  of  platinimi  as  a  catalyzer. 

NaCl  +  H,S04  =  HCl  +  NaHS04 
NaBr  +  H2SO4  =  HBr  +  NaHS04 

In  this  case  dilute  sulfuric  acid  must  be  used  in  the  preparation  of 
hydrogen  bromide  because  the  concentrated  acid  is  a  strong 
enough  oxidizing  agent  to  liberate  the  bromine. 

The  indirect  preparation  of  hydrogen  bromide  by  the  action  of 
bromine  upon  compounds  of  hydrogen  and  carbon  corresponds 
closely  to  that  of  hydrogen  chloride  by  the  action  of  chlorine 
upon  these  same  compounds.  For  example,  bromine  and  ben- 
zene, CiH«,  react  for  the  formation  of  hydrogen  bromide  and 
monobrombenzene,  CeH^Br. 

Br,  +  CeH«  =  HBr  +  CeH^Br 

The  method  which  is  generally  the  most  convenient  for  the 
preparation  of  hydrogen  bromide  is  by  the  interaction,  at  ordi- 
nary temperatures,  of  bromine,  red  phosphorus  and  water  (Fig.  28) . 

The  action  takes  place  in  steps.    First  the  bromine  and  the 
10 
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phoBphoruB  combine  for  the  formation  of  phosphorus  tribromit 
PBr,. 

2P  +  3Br,  =  2PBr, 
This  then  reacts  with  water  to  form  phosphorous  acid,  HiPOj, 
and  hydrogen  bromide,  HBr. 

PBr,  +  3H,0  =  3HBr  +  H,PO» 
Hydrogen  chloride  might  ht  red  in  an  analogous  way,bit{ 

the  action  is  very  violent  anu  nethod  is  not  so  cheap  uc 

convenient  as  that  from  salt  anu      Ifuric  acid. 


Properties  of  Hydrogen  Bromide. — Like  hydrogen  chloride, 
hydrogen  bromide  is  a  colorless  gaseous  substance  at  ordinarj' 
temperatures.  Its  critical  temperature  is  91°C.  At  low  tem- 
peratures it  condenses  to  a  colorless  liquid,  boiling  at  —  68.5''C. 
and  freezing  at  —  86°C'.  The  gaseous  density  of  hydrogen  bro- 
mide shows  that  it  has  a  molar  weight  of  81,  and  the  formula 
HBr.  It  is  very  soluble  in  water,  600  volumes  of  hydrogen 
bromide  to  one  of  water,  and  fumes  upon  contact  (jith  moist  air. 
Like  hydrogen  chloride,  it  forms  a  maximum  boiling  solution 
with  water.  The  composition  of  this  is  48  per  ceot.  hydn^n 
bromide,  and  it  boils  at  126°C. 

Like  hydrogen  chloride,  dry  hydrogen  bromide  is  a  rather 
indifferent  substance,  but  when  in  solution  in  water  it  is  aa 
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Bjhly  acid  as  hydrochloric  acid  and  its  solutioii  is  known  as 
rdrobromic  acid.  It  acts  upon  metals  much  as  other  acids  do, 
vming  hydrogen  gas  and  solutions  of  the  bromides  of  the  metals, 
peaking  in  terms  of  the  ionic  theory,  solutions  of  hydrobromic 
Bid  and  bromides  contain  the  bromine,  ion  Br~.  The  properties 
F  this  ion  are  very  much  like  those  of  the  chlorine  ion.  It  is 
Kdorless,  forms  a  very  difficultly  soluble  compound  with  silver, 
threr  bromide,  AgBr,  which  is  less  soluble  than  silver  chloride 
ted  has  a  slight  yellow  color.  The  liberation  of  bromine  from 
3ie  bromine  ion  by  chlorine  is  the  easiest  way  to  distinguish 
ih6  bromine  ion  from  the  chlorine  ion.  The  equation  for  the 
reaction  is 

2H+  +  2Br-  +  Cli  =  2H+  +  201"  +  Br, 

^The  free  bromine  colors  the  solution  yellowiah-red.  If  the  solu- 
%on  be  shaken  with  a  little  carbon  bisulfide,  the  latter  takes  up 
:1iu«t  of  the  bromine  from  the  water  and  becomes  highly  colored, 
•^^lis  makes  a  very  delicate  test  for  bromine. 

Oxygen  Compounds  of  Bromine. — No  one  has,  so  far,  succeeded 
"■1  preparing  oxides  of  bromine,  perbromic  acid,  or  perbromates, 
rlmt  hypobromouB  acid,  HBrO,  and  bromic  acid,  HBrOj,  and 
'their  salts  are  well  known.  The  reactions  for  their  preparation 
■*te  exactly  analogous  to  those  for  the  corresponding  chlorine 
Compounds.  The  first  step  is  the  reversible  reaction  between 
bromine  and  water  for  the  formation  of  hydrobromic  and  hypo- 
bromous  acids, 

Br,  +  H,0?±HBr  +  HBrO 

When  equilibrium  results,  the  concentrations  of  the  acids  are 
^en  less  than  in  the  corresponding  reaction  for  chlorine.  The 
Edition  of  sodiimi  or  potassium  hydroxides  will  destroy  the 
^uilibrium  by  neutralizing  the  acids  and  cause  the  reaction  to 
tun  toward  the  right  until  nearly  all  the  bromine  has  been  used 
up,  and  there  results  a  solution  of  a  mixture  of  the  bromide  and 
faypobromite  salts. 

HBr  +  HBrO  +  2NaOH  -  NaBr  +  NaBrO  +  2H,0 

or,  combining  the  two  equations 

Br,  +  2NaOH  =  NaBr  +  NaBrO  +  H,0 
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The  change  of  the  hypobromitea  into  bromates  takes  plu 
even  more  rapidly  upon  heating,  than  the  corresponding  chftn| 
of  the  hypochlorites.    The  equation  is 

3NaBrO  =  2NaBr  +  NaBrOj 

Hypobromous  acid  ia  so  unstable  that  even  a  dilute  solutioo  i 
it  is  hard  to  make  and  soon  decomposes,     Bromic  acid  r 
made  from  its  salts  by  the  ac\z-  neral  method  for  tbe  prep&n 

tion  of  acids,  or  by  the  action  <         jochlorous  acid  upon  broni 
water: 

lOHClO  +  Br,  =  -  2HBrO,  +  4H,0 


Iodine  occurs  in  natu  exclusively  in   combinatii 

chiefly  as  iodides  and  i<  ».  las,  however,  been  found  fn 

in  waters  of  certain  mineral  sprmgs,  having  been  liberated  fn> 
hydriodic  acid  by  the  action  of  dissolved  oxygen.  This  is  in  liQ 
with  the  fact  that  iridine  is  more  easily  liberated  by  oxidiiii 
agents  than  either  chlorine  or  bromine. 

Iodides  are  found  in  sea  water,  but  in  much  smaller  quantiti 
than  bromides.  Fairly  large  quantities  of  iodates,  chiefly  thai 
of  sodium,  arc  found  in  the  Chile  saltpeter  beds,  and  the  greaW 
part  of  the  iodine  of  commerce  is  obtained  from  the  mother  liquof 
left  in  the  purification  of  this  crude  sodium  nitrate.  The  otha 
source  of  iodine  is  from  ashes  of  certain  seaweeds  gathered  oi£ 
the  coasts  of  Scotland  and  Ireland.  They  were  formerly  the 
source  of  iodine,  and  it  was  in  their  ashes  that  the  element  wrt 
discovered. 

Preparation  of  the  Element, — -Iodine  may  be  liberated  from 
iodides  by  any  of  the  oxidizing  agents  used  for  chlorine 
bromine,  and  by  some  others  in  addition  which  are  too  feeble  to 
serve  in  the  other  cases.  A  few  of  the  equations  are  giTBO 
below;  others  may  be  easily  written  by  simply  substituting  th 
symbol  "I"  for  "CI"  or  "Br"  in  the  corresponding  equations f( 
these  elements: 

4HI  +  0,  =  2H»0  +  21, 
4HI  +  MnO,  =  Mnl,  +  I,  +  2HiO 
2KI  +  MnO,  +  3HjS0,  =  MnSO,  +  2KHS0«  +  I.  +  2H,0 
The  last  reaction  is  very  commonly  used  (Fig,  29). 
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Xikft  bromine,  iodine  may  be  liberated  by  the  action  of  chlorine 
-  strong  sulfuric  acid  upon  hydriodic  acid  or  iodides: 

2KI  +  CI,  -  2KC1  +  I, 
SHI  +  H^O*  -  4H,0  +  H^  +  41. 

Hydriodic  acid  is  oxidized  even  more  readily  by  sulfuric  acid 
ban  hydrobromic  is,  and  hence  it  is  not  possible  to  prepare 
grdriodic  acid  by  the  distillation  of  an 
Ddide  with  sulfuric  acid. 

Just   as  free   chlorine   will  liberate  free 

xomine  from  hydrobromic   acid   or  bro- 

ntdes,  so  bromine  will  set  iodine  free  from 

Ae  corresponding  iodine  compounds: 

2KI  +  Br,  =  2KBr  +  I, 

H^ncal  Properties  <rf  Iodine. — At 
■Minaty  -temperatures  chlorine  is  gaseous, 
inimine  liquid,  and  iodine  solid;  this  shows 
a  regular  change  in  the  physical  state 
•  the  atomic  weight  increases.  Iodine 
t^Btallizes  in  large  rhombic  plates,  having^ 
I  steel  gray  color  and  an  almost  metallic 
Qster.  It  melts  at  I14°C.,  and  boils  at 
S4°C.  The  vapor  has  a  beautiful  violet  color  which  is  so 
trong  that  it  can  be  seen  in  a  bottle  containing  iodine  at 
tdinary  temperatures,  although  the  vapor  pressure  of  iodine  at 
dch  temperatures  is  very  low. 

The  vapor  density  of  iodine  at  ordinary  pressures  and  tempera* 
urea  below  700°C.  shows  a  molecular  weight  of  254.  The  atomic 
roght  of  iodine  is  126.92,  hence  the  formula  for  iodine  under 
hese  conditions  is  Ii.  If  the  temperature  be  raised  above  700°C. 
he  molecular  weight  gradually  decreases  until  at  1,700°C.  it 
■ecomes  constant  again  at  127  corresponding  to  the  formula  I. 
Use  in  temperature  then  above  700°C.  has  caused  a  reversible 
issociation  of  Ii  into  I. 

I,fi2I 

'he  color  of  Z  is  different  from  that  of  Ii,  and  doubtless  if  the 
igh  temperature  did  not  interfere  with  its  study  I  would  be 
lund  to  be  a  strikingly  different  substance  from  Ij. 


Fio.  29. 
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Iodine  is  but  very  slightly  soluble  in  pure  water,  imparting 
it  a  brownish  color.  It  is  much  more  soluble  in  alcohol,  chli 
form,  and  carbon  disulfide  than  in  water.  The  alcoholic  solut 
is  brown,  whilp  that  in  chloroform  or  carbon  disulfide  has 
violet  color  of  t  he  vapor.  Free  iodine  will  dissolve  in  sohd  vS&t^ 
forming  a  solid  solution  having  a  strong  blue  color.  This  msj 
be  used  as  a  very  delicate  teel  ther  starch  or  iodine.     lu  th 

latter  case,  it  is  carried  out  lows:  a  suspension  of  finel 

divided  starch  in  water  is  pref  jy  pouring  boiling  water  ow 

starch  rubbed  to  a  cream  wi  ittle  water.     Some  of  thifi 

added  to  the  solution  suspect  contain  iodine.     If  thelstl 

is  free,  the  strong  blue  color  oi  starch  iodide  solution  at  om 

appears.     If  the  iodine  is  not  t  is  liberated  by  the  csutioD 

addition  of  a  little  chlorine  n 

Law  of  DistributioQ. — As  u.^  aned  above,  iodine  is  n 
more  soluble  in  carbon  disulfide  ttian  in  water.  Carbon  disulfide 
and  water  ar^  not  appreciably  soluble  in  each  other,  and  wba) 
brought  together  form  two  liquid  layers,  the  carbon  disulfide  A 
the  bottom.  If  now,  some  iodine  be  introduced,  it  will  dissoln 
both  in  the  water  and  the  carbon  disulfide,  but  to  a  far  largs 
concentration  in  the  latter.  In  fact,  when  equilibrium  results  it 
will  be  found  that  the  weight  of  iodine  per  cubic  centimeter  in 
the  carbon  disulfide  is  600  times  that  per  cubic  centimeter  in  the 
water. 

This  is  an  example  of  the  phenomena  described  by  the  lawoi 
distribution  which  states  that:  When  two  immiscible  liqiiitU  a 
brought  in  contact  with  a  third  substance,  soluble  in  each,  this  Ihiti 
substance  distributes  itself  between  the  two  solutnts  until  its  conttti 
tration  in  the  one  solvent  bears  a  certain  constant  ratio  to  its  conoffl 
tration  in  the  other.  In  tliis  case,  the  ratio  of  the  concentrationl 
in  the  carbon  disulfide  to  that  in  water  is  600  : 1,  Some  Bub-j 
stances  have  higher  molecular  weights  in  certain  solvents  thaninj 
others  and  this  law  holds  only  when  the  molecular  weight  of  thtfl 
third  substance  ia  the  same  in  each  of  the  solvents.  ' 

Chemical  Properties  of  Iodine.— The  chemical  properties  ot 
iodine  are  very  much  like  those  of  chlorine  and  bromine  except 
that  it  is  much  less  active  and  is  not  so  strong  an  oxidiidng  agent 
It  combines  directly  with  hydrogen  and  many  other  elements  fm 
the  formation  of  iodides.     It  does  not  form  a  hydrate  with  water' 
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Mline  is  much  more  soluble  in  solutions  of  iodides  than  in  pure 
ftter.  In  many  ways  the  solution  acts  as  though  the  iodine 
■ere  free,  in  others,  it  behaves  as  if  it  were  in  combination. 
!lus  a  explained  by  assuming  the  existence  in  the  solution,  of  a 
oAplex  ion,  I|~  formed  by  the  reversible  reaction  shown  below: 

I-  +  I,  ;=*  ir 

Hydrogen  Iodide. — The  slight  differences  in  the  methods  for  the 
Reparation  of  hydrogen  iodide  from  those  for  hydrogen  chloride 
KDd  bromide  are  due  mainly  to  the  fact  that  it  is  still  less  stable 
■nd  more  easily  oxidized  than  the  latter.  It  may  be  made  by 
Bk  direct  combination  of  the  elements.  The  action  is,  however 
^W,  reversible,  and  far  from  complete.  It  is  catalysed  by  plati- 
num, but  this  simply  brings  about  the  equilibrium  quicker  with- 
out changing  the  composition  of  the  equilibrium  mixture.  At 
IOO°C.,  80  per  cent,  of  a  mixture  of  equal  volumes  of  hydrogen 
md  iodine  gases  will  be  converted  into  hydrogen  iodide,  or  20 
>er  cent,  of  pure  hydrogen  iodide  will  be  decomposed;  and  this 
Hseous  mixture  will  remain  unchanged  in  composition  so  long 
4  it  is  kept  at  this  temperature.  If  increasing  pressure  is  put 
tpon  this  system,  no  change  will  follow  because  as  shown  in  the 
equation 

H,  +  I,  fi  2HI 

here  is  no  change  in  volume  as  the  reaction  proceeds. 

As  mentioned  above,  the  preparation  of  hydn^en  iodide  by 
be  actioD  of  sulfuric  acid  upon  sodium  iodide  is  excluded  be- 
Mue  of  the  oxidising  action  of  the  sulfuric  acid.  By  using 
Aoepboric  acid  instead  of  sulfuric,  hydrogen  iodide  may  be  pre- 
lared  by  this  method. 

It  may  be  made  by  the  action  of  iodine  upon  hydrogen  com- 
lOuadB.  An  aqueous  solution  of  hydrogen  iodide  may  be  easily 
btained  by  pawng  hydrogen  sulfide  into  a  suspension  of  iodine 
a  water: 

HiS  +  I,  =  2HI  +  S 

The  most  common  method  for  the  preparation  of  hydit^en 
odide  ia  by  the  interaction  of  iodine,  phosphorus  and  water. 


)dide  as  a  colorless  gaseous 
its  molecular  weight  is  128. 
yellowish  liquid,  boiling  at 
Hydrogen  iodide  is  very 
•ated  at  0°C.  contains  200 
o  100  parts  of  water.  Like 
forms  a  muximum  boiling. 
'C.  and  contains  57  per  cent. 
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Phosphorus  tri-iodide  is  first  formed  and  then  decomposed  by 
water  giving  hydrogen  iodide  and  phosphorous  acid: 

2P  +  3I2  =  2PI, 
PI,  +  3H,0  =  SHI  +  H.PO» 

This  is  analogous  to  the  best  method  for  the  preparation  of 
hydrogen  bromide. 

I^ysical  Properties. — Hyd 
substance  much  heavier  thf> 
It  may  be  condi^nsed  to  a 
—  SS^C.  and  freezing  at  - 
soluble  in  water;  the  soluti' 
parts  by  weight  of  hydrogen 
hydrogen  chloride  and  broi 
mixture  with  water  which  boils  ui. 
hydriodic  acid. 

Chemical  Properties. — Hydrogen. iodide  is  the  least  stable  of  ' 
the  hydro-halitiea  and  is  so  easily  oxidized  that  it  ia  an  excellent 
reducing  agent.  It  burns  in  oxygen,  reacts  with  chlorine  with  a 
flash  of  Ught  and  the  formation  of  hydrogen  chlorido  and  free 
iodine.  The  hquid  is  a  non-conductor  of  electricity  and  is  inac- 
tive chemically.  But  the  solution  in  water,  hydriodic  acid,  is  ut 
excellent  conductor  of  electricity  and  is  a  strong  acid,  being  as  ] 
active  ss  hydrochloric  acid  solution  containing  an  equal  number 
of  gram  moles  per  liter.  When  a  colorless  solution  of  hydriodio 
acid  is  exposed  to  the  air  it  takes  up  oxygen,  quickly  turns 
brown,  and  finally  deposits  crystalline  iodine.  The  equatioo  ii 
as  follows: 

4HI  +  0,  =  2H,0  +  21, 

It  is  this  reaction  which  gives  the  iodine  in  the  rare  cases  men' 
tioned  above  in  which  it  occurs  free  in  nature. 

Oxygen  Compounds  of  Iodine. — The  oxygen  compounds  li 
iodine  are,  in  general,  much  more  stable  than  those  of  bromine. 
They  are  formed  in  analogous  ways  to  the  corresponding  com- 
pounds of  chlorine.  The  halogen  first  reacts  with  water  and  i 
base  to  give  an  iodide  and  hypoiodite.  The  hypoiodites  an 
even  more  unstable  than  the  hypobromites,  and  very  quioUy 
pass  over  into  the  iodides  and  iodates. 
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It  will  be  recalletj  that  iodine  occurs  in  Dature  largely  as  sodium 
odate  in  the  Chile  saltpeter  beds. 

Iodic  acid  may  be  prepared  from  iodates  by  the  second  general 
aethod,  but  is  more  readily  obtained  by  the  action  of  nitric  acid 
ipon  iodine,  aa  shown  in  the  following  equation: 

Ii  +  lOHNO,  =  2HI0,  +  lONO,  +  4H,0' 
SOt  is  called  nitrogen  peroxide. 

Iodic  acid  is  a  stable  substance  which  crystallizes  from  its 
very  concentrated  solutions  in  lustrous  crystals  which  are  ex- 
tremely soluble  in  water.  The  solution  is  a  strong  acid.  By 
carefully  heating  the  crystals,  tb^  decompose  into  water  and 
iodine  pentoxide,  ItOe, 

2HI0, 5=t  H,0  +  1,0, 
The  action  is  reversible  so  that  the  pentoxide  is  also  called  iodic 
anhydride.     Iodic  acid  ie  a  fairly  strong  oxidizing  agent  and 
rapidly  reacts  with  hydriodic  acid  to  form  iodine. 
HIO,  +  5HI  =  3H,0  +  3Ii 
Periodates  and  Periodic  Acid. — When  sodium  hypochlorite  in 
■Ikaline  solution   acts  upon   sodium  iodate,   rather  difficultly 
soluble  sodium  periodate,  NaiHjIO*,  separates  out: 

NalOi  +  NaClO  +  NaOH  +  H,0  =  Na,HJO,  +  NaCl 
iWis  the  disodium  salt  of  orthoperiodic  acid,  HtlOt,  which  may 
be  easUy  prepared  by  the  second  general  method  for  the  prepa- 
ration of  acids.  As  will  be  seen,  this  does  not  correspond  very 
'^oeely  with  perchloric  acid,  HCIO4.  By '  long  and  careful 
oeating  to  lOO'C.  in  a  vacuiun  the  ortho  acid,  H^IOt,  loses  water 
^d  passes  over  into  the  meta  acid,  HIOi- 

Oxides  of  Iodine. — Iodine  forms  two  oxides,  the  tetroxide, 
I|0|,  and  the  pentoxide,  IiO,;  the  latter  is  iodic  anhydride. 

Floohine 

The  atomic  weight  of  fluorine  is  19,  which  is  smaller  than 
that  of  chlorine,  and  hence,  I(^ically,  it  should  have  been  con- 
sidered first;  but,  as  said  before,  its  properties  are  not  as  typical 
>f  the  halogens  as  are  those  of  chlorine,  and  consequently  it  was  left 
intil  this  point. 
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Occurrence. — Fluorine  never  occurs  free  in  nature,  in  fact  it  is 
oae  of  the  most  difficult  of  the  elements  to  liberate.  It  is  geaei- 
ally  found  as  calcium  fluoride  (fiuor  spar),  CaF».  Two  other 
fairly  common  compounds  are  cryolite,  NajAlFe,  and  apatite, 
Ca6(P0,))F.  These  are  all  difficultly  soluble,  while  the  moat 
abundant  of  the  naturally  occurring  compounds  of  the  other 
halogens  have  been  easily  soluble. 

Preparation. — -As  we  passed  from  chlorine  through  bromine 
to  iodine,  it  was  noted  that  it  became  easier  and  easier  to  oxidiw 
the  compounds,  and  so  to  liberate  the  elements,  as  the  atomic 
weight  increased.  This  would  lead  us  to  expect  that  fluorine 
the  halo)£en  with  the  smallest  atomic  weight,  would  be  tht 
hardest  to  oxidize,  and  this  is  found  to  be  true ;  iu  fact  there  is  nt 
oxidizing  agent  powerful  enough  to  set  the  fluorine  free.  Tber< 
remains  then  only  one  method  for  its  preparation,  electrolyo; 
of  a  compound.  Water  must  be  absent  because  fluorine  uw 
water  inunediately  react  with  the  formation  of  hydrogen  Buorid 
and  ozone, 

3F,  +  3H,0  =  3HiF,  +  0, 
Anhydrous  liquid  hydrogen  fluoride  ia  almost  a  non-conduetb 
of  electricity,  but  it  dissolves  potassium  acid  fluoride  readily 
this  salt  dissociates  into  ions  and  the  solution  becomes  a  con 
ductor.  Fluorine  is  given  off  at  the  anode  and  hydrogen  at  th 
cathode.  Possibly  potassium  is  first  liberated,  and  then  react 
with  the  hydrc^en  fluoride, 

H,F,  +  2K  -  H,  +  2KF 
The  electrolysis  is  carried  out  in  a  copper  U-tube  cooled  to  —  2J 
using  platinum-iridium  electrodes. 

Physical  Propertie8.^Fluorine  is  a  gas  having  a  greenisl 
yellow  color  much  like  that  of  chlorine  only  less  intense.  1 
liquefies  at  low  temperatures,  boils  at  —  1S6°  and  freezes  at  —  223 
Because  of  the  very  great  activity  of  fluorine,  it  is  difficult  t 
determine  its  density ;  but  the  molecular  weight  evidently  is  notff 
from  38,  and  since  the  atomic  weight  is  19  the  formula  is  Fi. 

Chemical  Properties. — Fluorine  combines  with  all  the  elemen 
except  oxygen,  nitrogen,  chlorine  and  the  members  of  the  ai^ 
group.  Hydrogen  fluoride  is  an  especially  stable  compound  ai 
is  instantly  formed  when  fluorine  is  brought  in  contact  with  bydr 
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gen  even  at  a  temperature  of  —  252°  or  with  almost  any  hydrogen 
compound  at  ordinary  temperatures.  The  reaction  with  water 
bas  been  noted  above.  Fluorine  and  hydrogen  chloride  react  for 
the  liberation  of  chlorine;  of  course,  it  will  react  even  more  readily 
on  hydrogen  broniide  and  hydrogen  iodide. 

Hydrogen  Fluoride. — Hydrogen  fluoride  containing  a  little 
water  may  be  easily  prepared  by  distilling  a  fluoride,  usually  that 
of  calcium,  with  sulfuric  acid: 

CaF2  +  H,S04  =  CaS04  +  H2F2 

Here,  of  course,  there  is  no  difficulty  caused  by  the  oxidation  of 
the  hydrogen  fluoride.  But  there  is  a  complication  due  to  the 
fact  that  hydrogen  fluoride  will  readily  attack  glass,  and  hence 
the  operation  must  be  carried  out  in  platinum  or  lead  retorts. 
1^  anhydrous  acid  may  be  easily  prepared  by  heating  acid 
potassium  fluoride  in  a  platinum  retort. 

2KHF25=±2KF  +  H2F2 

Physical  Properties. — Hydrogen  fluoride  is  a  clear  colorless 

''Quid  boiling  at  19**.    This  is  exceptionally  high  when  compared 

^th  hydrogen  chloride,  etc.     It  dissolves  readily  in  water,  and 

"*e  the  other  hydrogen  halides  forms  a  constant  bmling  mixture 

^th  water.    This  contains  35  per  cent,  hydrogen  fluoride  and 

*^^  at  120®C.    The  density  of  hydrogen  fluoride  vapor,  at  tem- 

'^tures  but  little  above  its  boiling-point,  shows  a  molecular 

'^^^ht  of  40,  corresponding  to  H2F2;  at  higher  temperatures  the 

uoiiaity  decreases,  and  from  the  boiling-point  of  water  upward 

^he  molecular  weight  is  20  and  the  formula  HF.     The  existence  of 

^h^  compound  H2F2  is  an  important  point  of  difference  from  the 

^^W  hydrogen  halides. 

The  formula  H2F2  indicates  a  dibasic  acid ;  that  is,  one  a  mole  of 
^hich  can  neutralize  two  moles  of  sodium  hydroxide.  This 
^  confirmed  by  the  existence  of  potassium  acid  fluoride,  KHF2, 
and  others  of  the  same  type.  The  neutral  salt,  K2F2  or  KF,  is 
also  well  known. 

The  most  interesting  property  of  hydrogen  fluoride  is  its  action 
on  glass  and  other  silicon  compounds.  When  it  acts  on  glass 
which  contains  silicates  of  sodium  and  calcium,  gaseous  silicon 
fluoride,  SiF4,  and  fluorides  of  sodium  and  calcium  together  with 
water  are  formed: 
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Use  is  mar  e  of  this  for  etching  deBigns  on  glass.  The  j 
first  coated  \  ith  wax,  the  design  is  scratched  through,  an 
the  whole  exposed  to  the  vapor  or  a  solution  of  hydrogen  fli 
Because  of  this  action,  it  is  of  course  impossible  to  keep 
fluoric  acid  in  glass,  but  it  may  be  kept  in  wax  or  gutta* 
bottles.  The  commercial  acid  is  stored  and  shipped  i 
containers. 

The  action  of  hydrofluoric  acid  on  glass  is  not  due  to  itf 
an  especially  strong  aciti,  because  when  we  come  to  exam 
Eiction  upon  metals  we  find  that  a  solution  containing  2 
of  hydrofluoric  acid  in  1,000  grm.  of  water  will  act  muc) 
slowly  on  a  given  piece  of  zinc  than  will  a  solution  com 
36.47  grm.  of  hydrochloric  acid  in  the  same  amount  of 
and  yet  each  solution  contains  the  same  amount  of  hy 
whk'h  is  capable  of  being  replaced  by  a  mct;d.  The  el( 
conductivity  of  a  normal  hydrofluoric  acid  solution  is 
smaller  than  that  of  normal  hydrochloric  acid  and  this  im 
that  hydrofluoric  acid  is  much  weaker  than  hydrochloric. 

The  following  table  gives  in  a  condensed  form  a  sumn 
the  more  important  of  the  properties  of  the  halc^ens. 


Atomio  wufht. 

Fhrvwl  (titt  at  ordinu-y  lem 

HydiOBSD  oompounda 

Pbyliwl  eUtc 

Boilioc-point 

Frefliing-poiDt 

Solutiop  in  mtsT 

Action  tonrd  oudiiing  aieaU. . 

Hwt'ot'fOTmaUon  Osnoua 

Hut  of  formatioti  dbaolved  -  -  -  - 
M«l  of  Neutraliiation  NsOH . . 
Oiy«clii« 


92Ki. 

SJKj. 
HCIO 
HCIOi 
HCIOi 
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This  table  shows  that  there  are  regular  changes  in  a  number  of 
the  properties  of  these  elements  as.  the  atomic  weight  increases. 
For  example  the  boiling-  and  melting-points  of  the  elements 
rise  as  the  atomic  weight  increases.  The  student  will  gain 
conaiderable  information  if  he  follows  the  other  properties  of 
these  elements  through  in  the  same  way. 

Hydrogen  fluoride  has  an  abnormally  high  boiling-point.  In 
thig  connection,  it  is  significant  that  it  alone  of  the  hydrohalides 
undies  solutes  and  that  other  ionizing  solvents  boil  higher  than 
their  inactive  analogues. 

Hydrolysis. — Salts  of  weak  acids  or  of  weak  bases  when  in 
tdution  in  water  act  in  a  very  pecuhar  manner.  Their  solutions 
■R  not  neutral  as  are  those  of  the  salts  of  strong  acids  and  bases, 
but  the  salts  of  weak  acids  give  alkaline,  while  those  of  weak 
Ws  give  acid  reacting  solutions.  Since  the  salts  themselves 
^  not  contain  either  the  hydroxyl  or  the  hydrogen  ions,  which 
pve  the  solutions  their  reactions,  the  question  of  the  source  of 
»K8e  ions  is, one  which  calls  for  some  tittle  explanation.  Evi- 
tlently  they  must  have  come  from  the  water.  But  why  should 
tbe  hydroxyl  ion  appear  in  a  solution  of  a  salt  of  a  weak  acid, 
^d  the  hydrogen  ion  in  the  salt  of  a  weak  base  when  neither  is 
prominent  in  a  solution  of  a  salt  of  a  strong  acid  and  base? 
">e  theory  of  electrolytic  dissociation  furnishes  a  satisfactory 
**planation. 

^re  water  is  a  very  poor  conductor  of  electricity  but  it  is  not 
"Q  absolute  non-conductor.  Its  conductivity  has  been  measured 
^^  indicates  that  water  itself  is  dissociated  to  a  slight  extent  so 
"■"t  1  gnn.  of  hydrogen  and  17  grra.  of  hydroxyl  as  ion  are 
f^'^ent  in  eleven  million  liters  of  water.  Expressing  the  concen- 
''*tion  in  terms  of  the  number  of  gram  ions  per  liter,  the  concen- 
^Uon  of  each  of  these  substances  is  the  same  and  they  balance 
™^b  other  in  their  action  on  htmus. 

^leactions  between  substances  in  the  ionic  condition  tend  to 
^e  place  in  such  ways  that  the  concentrations  of  the  ions  are 
^Uced,  either  through  the  formation  of  substances  which  pass 
'^t  of  solution  or  those  which  are  but  slightly  dissociated. 

^hen  a  salt  of  a  weak  acid  and  a  strong  base,  say  sodium  hypo- 
chlorite, is  dissolved  in  water,  there  are  present  side  by  side 
*'^um,   hypochlorite,   hydrogen,    and   hydroxyl   ions.     Hypo- 
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The  undisBociated  hypo- 
a  litmus,  while  the  hydroxyl 
OR  reacts  alkaline  and  it  it 
acid  should  act  in  the  same 

with  the  anion  of  the  weak 
balanced  in  its  action  upon 
!  hydroxyl  increases.     This 


chlorous  acid  i^  a  very  weak  acid,  and  hence,  but  slightly  dis- 
sociated, while  sodium  hypochlorite  is  highly  dissociated.  There 
is  then  a  chance  for  a  decrease  in  the  ions  by  the  union  of  the 
hydrogen  and  the  hypochlorite  ions,  and  this  they  are  assumed 
to  do  to  a  certain  extent.  The  solution  would  then  contain 
sodium  as  ion,  some  hypochlorite,  enough  hydroxyl  to  make  up 
for  the  hypochlorite  ion  whicn  tined  with  hydrogen  as  ion, 

and  undiasociated  hypochlorous 
chlorous  acid.of  course  does  not  n 
ion  turns  litmus  blue.     So  the  sm 
evident  that  a  salt  of  any  other  we 
way. 

When, the  hydrogen  ion  combi: 
acid,  not  only  is  the  hydroxyl  left 
litmus,  but  the  concentration  of 
comes  from  more  of  the  water's  breaking  up  in  an  effort  to  keep  up 
the  concentration  of  the  hydrogen.  The  equation  for  the 
ionization  of  water  is 

H,O^H+  +  OH- 


Letting  a,  b  and  c  represent  the  concentrations  of  the  intet, 
hydrogen  and  hydroxyl  ions  respectively,  the  Mass  law  eqoatioB 
becomes 

—  =  constant 
a 

Now  a  is  constant  because  it  stands  for  the  concentration  of  > 
homogeneous  liquid,  and  hence  the  product  be  is  constant  and 
as  b  decreases  c  must  increase. 

Salts  of  weak  bases  and  strong  acids  react  acid  because  of  the 
combination  of  the  cation  of  the  salt  with  the  hydroxyl  of  the 
water  with  the  formation  of  the  undissociated  base,  thus  leaving 
the  hydrogen  as  ion  in  excess. 

The  phenomena  which  we  have  just  been  discussing  are  in- 
cluded under  the  name  of  hydrolysis.  Speaking  in  terms  of  the 
ionic  theory  we  may  say  that  hydrolysis  consists  in  the  formation 
of  an  undissociated  acid  or  base  by  the  action  of  water  upon  a 
salt  of  a  weak  acid  or  base. 
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ons  of  salts  of  strong  acids  and  bases  are  neutral,  because 
lese  conditions  there  is  no  tendency  for  either  hydrogen 
Dxyl  to  combine  with  an  ion  of  the  salt;  so  these  salts  do 
rolyze. 

Valence 

ormulas  of  aome  of  the  principal  hydrogen  compounds  of 
-metallic  elements  are  given  in  the  following  table: 


H,0 

H.N 

H.C 

H^ 

B,P 

HA 

H,Se 

H,Te 

al  of  these  compounds  have  not  been  studied  as  yet,  but 
e  introduced  here  simply  to  show  the  different  types  of 
ition.  HtS  is  hydrogen  sulfide,  HiSe  hydrogen  selenide, 
iydr(^en  telluride,  H|N  or  NHj  ammonia,  and  H»P 
ne,  H4C  or  CH(  marsh  gas,  H^Si  silicon  hydride. 
this  table  it  may  be  seen  that  these  compounds  fall 

y  into  four  groups  according  to  the  number  of  atomic 

of  hydrogen  which  unite  with  one  atomic  weight  of  the 
ement.  Each  element  is  considered  to  have  a  certain  eom- 
}Ower  or  valence  which  is  measured  by  the  numJwr  0/  atomic 

of  hydrogen  or  of  an  equiv<dent  substence  with  whiek  one 
oeight  of  th(U  elemerU  can  unite  to  form  a  compound.     This 

is  called  the  valence  of  the  element.  From  the  definition 
ice,  it  follows  that  in  the  compounds  given  in  the  above 
luorine,  chlorine,  bromine,  and  iodine  are  monovalent; 

sulfur,  selenium  and  tellurium  divalent;  nitrogen  and 
)rus  trivalent;  while  carbon  and  silicon  are  tetravalent. 
en  is  our  standard  substance  for  measuring  valence  and  is 
)  have  a  valence  of  one  or  to  be  monovalent.  Sometimes 
ent  does  not  combine  with  hydrogen,  and  then  of  course 

possible  to  work  out  the  valence  from  the  hydrogen  com- 
and  in  this  case  we  must  resort  to  some  other  method, 
these  is  to  take  a  compound  with  some  equivalent  sub- 
An  equivalent  siAatance  is  a  siAatance  one  atomic  vieight 

can  unite  with,  replace,  or  be  replaced  by,  one  atomic  weight 
gen. 
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Att  atomic  weight  of  sodium  replaces  one  atomic  weight  of 
hydrf^en  in  the  compound  hydrogen  chloride  forming  Bodium 
chloride,  N&Cl,  and  is  therefore  monovalent;  also  one  atoouc 
weight  of  silver  is  replaced  from  silver  chloride,  AgCl,  by  ow 
atomic  weight  of  hydrogen,  re-forming  hydrogen  chloride,  there- 
fore, ulver  is  monovalent.  Chlorine  then  in  chlorides  is  deta- 
mined  to  be  monovalent;  dii  '  '  e:cause  it  was  originaUy  coin- 
bined  with  one  atomic  weigh  drogen  in  hydrogen  chloride; 

indirectly  because  it  is  coml  ith  one  atomic  weight  of  tte 

monovalent  substances  silver  am  odium.  Because  chlorine 
chlorides  is  monovalent,  phospl  is  in  phosphorus  trichloride, 
PCli,  is  trivalent,  while  in  the  p'  tachloride,  PCU,  it  must  te 
pentavalent.  It  is  not  neceseai  owever,  that  we  take  a  com- 
pound with  a  substance  exact  ivalent  to  one  atomic  weight 
of  hydrogen ;  for  once  we  have  abliehed  the  valence  of  anj 
given  element,  it  may  in  turn  be  used  to  measure  that  of  others. 
One  atomic  weight  of  oxygen  is  united  with  two  atomic  weights 
of  hydrogen  in  the  compound  water,  hence  oxygen  is  divalent 
and  is  commonly  used  as  a  standard  for  determining  valence. 
Take  for  example,  phosphorous  trioxide,  PiOb;  the  sis  atomic 
weights  of  oxygen  have  together  a  valence  of  twelve,  which  is 
divided  between  the  four  atomic  weights  of  phosphorus,  showing 
that  each  atomic  weight  of  the  latter  has  a  valence  of  three.  In 
the  pentoxide,  PjOt,  the  valence  of  the  five  oxygens  is  ten,  which 
is  divided  between  the  two  of  phosphorus;  and  therefore  in  this 
compound  the  phosphorus  has  a  valence  of  five,  as  in  the 
pentachloride. 

The  examples  just  given  show  that  the  valence  of  an  element 
is  not  a  fixed  constant.  However,  the  number  of  valencet 
belonging  to  any  one  element  is  generally  email.  Nitrogen  hal; 
an  unusually  large  number  of  valences,  as  may  be  seen  from  the. 
following  list  of  its  oxides,  NjO,  NO,  NjO,,  NOj,  NiOs.  In  these' 
it  varies  from  monovalent  to  pentavalent.  Comparatively  few 
elements  have  more  than  two  valences  so  that  these  properties 
are  not  difHcult  to  learn,  and  they  are  of  great  assistance  in  the 
formulation  of  compounds. 

Equivalent  Weights. — The  conception  of  valence  enables  us 
to  get  easily  another  useful  conception,  that  of  equivalent 
weight.    This  is  the  number  of  parts  by  weight  of  an  element 
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will  combine  with,  replace  or  be  replaced  by  1.008  parts 
jight  of  hydrogen,  or  8  parts  of  oxygen.  Or  it  may  be 
d  aa  the  atomic  weight  of  the  element  divided  by  its 
',e.  For  example,  the  equivalent  weight  of  sulfur  in 
gen  sulfide  is  ^^^^j  of  nitrc^en  in  ammonia  is  ^*"*^; 
rbon  in  marsh  gas  is  ^%.  From  the  second  form  of  the 
tion  of  equivalent  weight,  it  is  evident  that  an  element  has 
ny  equivalent  weights  as  it  has  valences. 
;Be  equivalent  weights  are  like  the  atomic  weights  in  many 
■,ta,  except  that  they  represent  directly  without  any  multiple 
'oportions  by  weight  in  which  the  elements  combine. 


CHAPTER  XII 


htcb  has  been  known  mnc 
ibuDdantly  in  nature,  both 
lulfur  is  generally  found  in 
3  of  non-volcanic  sulfur  are 
ivhich  now  furnish  most  of 
i  together  with  large  quao- 
lulfur  occurs  chiefly  in  the 


SI 

General. — Siilfur  is  an  plemei 
prehistoric  timps.  It  occurs  fain' 
free  and  in  compounda.  The  f 
volcanic  regions,  but  several  de^ 
known,  notably-  those  of  Louis 
the  sulfur  used  in  the  United  i^ 
titles  for  export.  In  combinatit^.. 
form  of  sulfates,  such  as  gypsum,  OaSOj-SHiO,  Glauber  salts, 
NajSOi-lOHiO,  and  Epsom  salts,  MgSO.-THiO,  and  as  sulfides, 
pyrite,  FeSi,  zinc  blende,  ZnS,  and  galena,  PbS.  It  is  present  in 
combination  in  many  portions  of  the  animal  and  plant  organisms. 

In  many  of  its  chemical  properties,  sulfur  shows  a  rather  close 
relationship  to  oxygen.  Like  oxygen  it  is  able  to  assume  allo- 
tropic  forms,  and  is  somewhat  remarkable  for  the  large  numljcr  nf 
such  modificalions  which  are  known  to  exist,  two  and  prob- 
ably more  crystalline  modifications,  two  liquid,  and  at  least  two 
gaseous  forms. 

Extraction  of  Sulfur.^Most  of  the  sulfur  from  volcanic 
comes  from  Sicily  where  it  is  found  in  large  quantities  mixed 
with  limestone,  gypsum,  celestite  and  other  minerals.     The  sulfur 
is  extracted  from  the  ore  by  heating  in  oven-like  kilns  or  ci 
made  of  masonry.     The  greater  part  of  the  heat  is  furnished 
,   burning  coke  which  is  mixed  with  the  ore  and  charged  into  the 
cells.     Of  course,  part  of  the  sulfur  burns.     Economy  of  fuel 
secured  by  arranging  the  cells  in  batteries  of  two  or  more  and 
passing  the  gases  from  the  one  in  action  into  a  freshly  charged 
cell  in  order  that  the  waste  heat  from  the  first  may  warm  th 
charge  in  the  second.     The  sulfur  melts  and  runs  down  to  thi 
floor  of  the  cell  from  which  it  is  drawn  off  and  cast  into  conica 
wooden  moulds  forming  the  roll  sulfur  or  brimstone  of  commerce 
In  some  more  recent  installations  the  sulfur  is  extracted  by  melt 


SULFUR  163 

;  it  out  with  high-preaeure  steam.  This  method  is  being  used 
ii  success  in  some  rather  recently  developed  mines  in  Mexico. 
In  Louisiana,  the  sulfur  is  obtained  by  drilling  down  about 
D  ft.  to  the  sulfur-bearing  deposits  and  forcing  down  into  the 
les  water  heated  to  a  temperature  of  168**  which  is  far  above 
e  melting-point  of  sulfur  (120*).  The  water  must,  of  course,  be 
kder  pressure  of  about  seven  atmospheres  to  reach  this  tempera-  - 
le.  The  sulfur  melts  and  collects  at  the  bottom  of  the  hole; 
otn  there  it  is  pumped  out  by  compressed  air.  The  sulfiu*  can 
B  obtained  in  this  way  very  cheaply,  and  is  more  than  99.5 
■r  cent.  pure.  A  single  well  often  yields  500  tons  of  sulfur  per 
Kt  and  the  entire  mine  has  produced  122,000  tons  in  two  months 
riiich  is  more  than  the  world's  consumption  for  that  period. 
nt  production  of  sulfur  in  the  United  States  in  1914  was  328,000 

Purification  of  Sulfur. — When  it  is  necessary  to  purify  roll 
■Ifur,  the  process  of  distillation  is  employed.  The  sulfiu*  is 
tied  in  iron  retorts  and  the  vapor  is  condensed  in  large  brick 
Ambers.  At  first  when  the  walls  of  the  chamber  are  cool,  the 
Ifur  condenses  in  the  form  of  a  rather  fine  powder,  and  is  put 
I  the  market  under  the  name  of  flowers  of  sulfur.  When  the 
«mber  becomes  heated  from  the 
tat  of  condensation  of  the  sulfur, 
«  latter  collects  in  the  form  of  a 
)uid  and  is  drawn  off  into  moulds 
I  before. 

Crystalliiu  Fonns  of  Sulfur. — Crys- 

da  of  liiombic  (Fig.  30)  or  a  sulfur        ,„„.,„  m,„^c^ 

re  found  in  nature  and  may  be  easily  ju^m 

n|iared  by  dissolving  sulfur  in  car-  Fia.  30. 

on  disulfide,  in  which  it  is  readily 

olubte,  and  allowing  the  solution  to  evaporate  slowly.  The 
oUur  is  deposited  in  octahedral-like  crystals  which  have  a 
lensity  of  2.07 ,|  and  melt  to  a  clear  yellow  Uquid  at  113".  If 
he  dear  crystals  are  kept  for  some  time  at  temperatures 
•etween  100°  and  the  melting-point  they  gradually  become 
fisque  and  brittle,  and  when  this  change  is  complete,  will  melt 
1 120°  instead  of  113°,  and  have  a  density  of  1.96  instead  of 
ff7.     They  then  have  imdergone  a  transformation  into  0  or 
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monoclinic  sulfur  (Fig.  30).  This  change  is  hastened  1 
scratching  the  rhombic  crystals  with  some  hard  point  or 
simply  touching  them  with  a  monoclinic  crystal. 

Well  defined  crystals  of  monoclinic  sulfur  are  easily  obtain 
by  melting  some  sulfur  and  allowing  it  to  cool  until  a  crust  t 
formed  on  top.  A  hole  is  then  made  through  this,  and  the  si 
■  molten  sulfur  is  poured  oul  i  sides  and  bottom  of  the  ves 

will  thon  be  foimd  covered  long  needle-shaped  monoclii 

tnystalB.  When  6rst  formec  crystals  are  amber  colored,  a 
may  be  bent  slightly  without  aking.  If  the  crystals  are  kc 
at  100'  or  above,  they  retail  leir  properties  indefinitely,  b 
if  kept  at  ordinary  temporal  s  for  a  day  or  so  they  chso 
color  to  the  lemon  yellow  of  ary  sulfur,  become  opaque,  ai 

increase  in  density  to  :  )rt  they  change  into  a  or  rhoi 

bic  sulfur.  This  transiorm;  ,  is  hastened  by  contact  wt 
rhombic  crystals.  The  external  form  of  the  crystals  is  th 
of  the  monoclinic,  while  internally  they  consist  of  an  aggregalii 
'of  rhombic  cr>'8tal8.  Such  crystals  as  these,  which  are  internal 
of  one  form  and  externally  of  another,  are  called  pseudomorpl 

TmnsitioD  Pomt. — The  facts  just  given  indicate  that  the  raon 
clinic  form  is  stable  at  higher  temperatures  while  the  rhombic 
at  lower.  There  must  be  then  a  temperature  at  which  they  i 
both  stable.  This  temperature  is  96°  and  is  called  the  tranai^i 
point  of  these  modifications  of  sulfur.  From  96°  to  120"  t 
monoclinic  modification  is  stable  while  the  rhombic  is  stsl 
below  96°. 

At  96°  the  two  modifications  are  in  equilibrium,  and  ha 
have  the  same  vapor  pressure,  solubility,  etc.  The  monodn 
can  exist  below  96°,  but  in  an  unstable  state  and  under  these  m 
ditions  it  is  more  soluble  than  the  rhombic  and  has  a  higher  v^ 
pressure.  Correspondingly,  above  96°  the  rhombic  is  the  i 
stable  form  and  has  the  greater  solubility  and  vapor  prewi 
These  are  simply  examples  of  the  general  rule  that  the  leea  sta 
modification  has  the  higher  solubility  and  vapor  pressure. 

Althot^h  unstable,  the  monoclinic  sulfur  can  exist  for  a  ti 
below  96°  and  the  rhombic  above  this  temperature.  Hue 
due  to  what  is  called  suspended  transformation  and  is  mi 
the  same  phenomenon  as  the  supercooling  or  8uperiieatin| 
water. 
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Uqnid  Sulfur. — Monoclinic  sulfur  melts  at  120°  to  a  light 
How,  mobile  liquid,  which  on  cooling  posses  back  into  mono- 
inic  crystals.  If,  however,  the  temperature  be  raised  to  160° 
IB  liquid  suddenly  becomes  dark  in  color  and  so  viscous  that  the 
mel  may  be  inverted  without  the.  contents  running  out.  At 
W  the  maximum  viscosity  is  reached;  at  260°  the  viscosity 
hptiB  to  decrease  noticeably,  and  at  444.6°,  the  boiling-point  of 
mm,  the  liquid  is  mobile  once  more. 

t  Hie  cause  of  this  remarkable  change  at  160°  is  the  appearance 
I  a  new  form  of  liquid  sulfur  called  it  sulfur.  When  the  dark 
Uored  liquid  is  slowly  cooled  the  reverse  change  takes  place,  and 
Ib  bght  yellow  form  reappears. 

Amorphoua  Sulfur. — By  heating  sulfur  to  temperatures  near 
I  boiling-point  and  suddenly  cooUng  the  mass  by  pouring  it 

a  thin  stream  into  water,  a  clear,  transparent,  plastic,  seml- 
dd  substance  is  obtained,  which  is  called  plastic  sulfur.  After 
Eew  days  it  becomes  hard  and  opaque  and  is  then  found  to  con- 
it  <tf  a  mixture  <^  rhombic  crystals,  soluble  in  carbon  disulfide, 
kd  another  form  of  sulfur  which  is  insoluble  in  carbon  disulfide. 

is  not  crystalline  and  hence  is  called  amorphous  sulfur.  It  is 
ipercooled  sulfur,  and  changes  slowly  into  the  crystalline  variety. 
he  change  takes  years  for  completion  at  ordinary  temperatiu*efl, 
at  is  finished  in  an  hour  at  100°. 

There  is  another  amorphous  modification,  soluble  in  carbon 
isulfide,  and  also  soluble  in  water. 

Hotttcular  Weight — At  444.6°  sulfur  boils.  The  vapor  has  an 
range  yellow  color  when  just  above  its  boihng-[X)int.  At  500° 
I  b  a  deep  red  and  then  becomes  fighter  until  at  650°  it  is  a  fight 
fHow.  The  molecular  weight  at  temperatures  near  the  boiUng- 
oint  is  230  and  gradually  falls  until  at  1,000°  it  reaches  64  and 
imains  constant  at  this  figure  as  the  temperature  is  raised. 
ince  ihe  atomic  weight  of  sulfur  is  a  trifle  over  32,  the  molecular 
eight  tA  230  corresponds  to  a  formula  of  something  be- 
reen  St  and  Si,  while  that  of  64  indicates  a  formula  of  Si. 
he  molecular  weight  of  the  element  in  solution  as  determined 
om  the  lowering  of  the  freezing-point  shows  that  when  dis- 
ived  it  has  the  formula  S|. 

Chemical  Properttes  of  Sulfur. — Most  all  metals  when  finely 
1  and  rubbed  in  a  mortar  with  sulfur  combine  directly 
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with  the  latter  to  form  sulfides.  At  higher  temperatures, 
combination  takes  place  so  rapidly  and  with  the  evolution  o 
much  heat  that  the  general  phenomena  of  combustion,  the ' 
duction  of  light,  etc.,  are  exhibited.  The  element  will 
unite  with  many  of  the  non-metals;  the  halogens,  hydro 
and  oxygen  for  example. 

With  oxygen  it  forms  th  to  very  important  compou 
sulfur  dioxide.  SOs,  and  sulfur  ioxidc,  SOj;  these  are  the  ai 
drides  of  sulfurous  and  sulfuric  acids  reepectively.  With 
drogen  it  forms  the  important  compound  hydrogen  sulfide,  B 

Uses  of  Sulfur.— Thousands  if  tons  of  sulfur  are  used  in 
manufacture  of  sulfur  dioxide  which  in  turn  is  used  for  ma 
sulfuric  acid,  in  bleaching  straw,  wool,  feathers,  etc.,  and 
germicide.  Sulfur  is  also  employed  in  making  carbon  disul 
gunpowder,  matches,  fireworks,  sprays  for  fruit  trees, 
vulcanized  rubber. 

Hydrogen  Sulfide. — Hydrogen  sulfide  is  a  gaseous  substi 
whose  formula  is  HtS.  It  occurs  in  nature  in  the  gases  of  s 
volcanoes,  and  is  found  in.  many  mineral  waters,  which  arec 
monly  called  sulfur  waters.  It  may  be  prepared  by  the  di 
union  of  the  elements  by  passing  a  stream  of  bydrt^n  throughl 
ing  sulfur.     The  reaction  is  reversible  and  hence  is  not  comp 

Hydrogen  sulfide  is  usually  prepared  by  acting  upon  a  sul 
generally  ferrous  sulfide,  FeS,  with  either  dilute  suifurii 
hydrochloric  acid.     The  equation  is 

FeS  +  2HCI  =  H^  +  FeCI, 

The  ferrous  sulfide  is  not  very  soluble  in  water  but  what 
dissolve  is  largely  broken  up  into  ferrous  and  sulfur  ions.  I 
the  addition  of  the  acid,  the  sulfur  ion  unites  with  the  bydn 
to  form  the  very  slightly  dissociated  compound  bydn^n  sul 
HiS.  The  water  soon  becomes  saturated  with  this  and  then 
substance  is  evolved  in  the  gaseous  state.  The  conditione 
especially  favorable  for  reaction  in  this  case  because  we  ha 
substance  formed  which  is  both  slightly  dissociated,  and 
moderately  soluble.  As  fast  as  the  sulfur  ions  present  in  sok 
are  used  up,  more  ferrous  sulfide  dissolves  to  keep  up  the  sU] 
So  the  process  continues  until  either  the  ferrous  sulfide  m 
acid  is  consumed. 
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Hydrogen  sulfide  U  also  formed  during  the  decay  of  albuminous 
nibatances  such  as  eggs,  etc.  The  odor  of  such  substances  in 
this  condition  is  partly  due  to  its  presence. 

Physical  PropertieB. — Hydrogen  sulfide  is  at  ordinary  tem- 
peratures a  colorless,  gaseous  substance  whose  molecular  weight 
34.09.  Its  critical  temperature  is  100°,  so  it  can  be  liquefied 
by  pressure  alone  at  ordinary  temperatures.  The  critical  pres- 
sure is  90  atmospheres.  It  boils  at  —61°  and  freezes  at  —83°. 
The  liquid  is  chemically  inactive.  Hydrt^en  sulfide  has  a  very 
disagreeable  odor  much  tike  that  of  rotten  eggs,  and  acts  as  a 
powerful  narcotic  poison  when  inhaled.  Very  dilute  chlorine 
gas  is  used  as  an  antidote. 

Hydrogen  sulfide  is  somewhat  soluble  in  water.  One  volume 
of  water  dissolves  4.37  volumes  at  0°  and  3.23  at  15°.  The 
solubility  follows  Henry's  law  thai  the  volume  of  a  given  gas  dts- 
toUied  by  a  fixed  mass  of  a  solvent  is  independent  of  the  pressure, 
while  the  mass  of  the  gas  dissolved  is  directly  proportiorud  to  the 
preamtre. 

Chemical  Properties. — Hydrogen  sulfide  burns  in  air  with  a 
paJe  blue  Same,  forming  water  and  sulfur  dioxide,  SOg, 

2HiS  +  30,  =  2H,0  +  2S0, 

The  equation  shows  that  two  volumes  of  HiS  require  three 
volumes  of  oxygen  for  complete  combustion.  When  mixed  in 
these  proportions  the  two  gases  explode  violently  upon  the 
passage  of  an  electric  spark. 

When  the  hydrogen  sulfide  is  burned  with  an  insufficient  supply 
of  air,  water  and  free  sulfur  are  the  main  products.  This  fact  is 
taken  advantage  of  for  the  recovery  of  sulfur  from  certain  classes 
of  waste  products  which  will  easily  yield  hydr(%en  sulfide. 

With  sulfur  dioxide,  hydrogen  sulfide  rapidly  reacts,  forming 
sulfur  and  water, 

2H,S  +  SO,  =  3S  +  2H,0 

This  is  probably  one  of  the  reactions  which  gives  rise  to  the 
volcanic  sulfur. 

When  heated  to  300"  it  is  shghtly  decomposed  into  hydrogen 
and  sulfur,  and  at  a  white  heat  the  decomposition  is  practically 
complete.    At  each  temperature,  there  is  a  certain  mixture  of 
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hydrogen,  sulfur,  and  hydrogen  sulfide,  at  which  equiUbriiUB 
resulta. 

Solution  in  Water. — A  solution  of  liydrogen  sulfide  in  water 
acts  slightly  acid  toward  litmus,  and  hence  is  sometimes  called 
hydrosulfuric  acid.  Hydrogen  sulfide  ia  a  very  weak  acid,  and 
is  but  sUgbtly  dissociated.  It  differs  from  the  acids  which  we 
have  discussed  in  detail,  exci  drofluoric,  in  that  the  tvo 

atomic  weights  of  hydrogen  pei  of  hydrogen  sulfide  are  both 

replaceable  by  metals  and  hei  e  ionizable.     This  state  of 

affairs  is  described  by  the  tern  isic,  whicli  means  that  one 

mole  of  the  acids  contains  two  mic  weights  of  replaceable 
hydrogen,  and  will  react  with  tv  aolea  of  a  base  like  sodium 
hydroxide, 

HiS  +  2N(  i,S  +  2H,0 

Dissociatioa  of  Dibasic  Acids. — Hydrogen  sulfide  like  all  other 
dibasic  acids,  shows  a  marked  tendency  to  ionize  in  such  a  nay 
that  only  one  hydrogen  per  mole  is  split  off,  as  shown  by  the 
following  equation, 

HSv±ii+  +  ns- 

rhis  ionization  is  especially  prominent  in  concentrated  solutions. 
Ae  the  solution  is  diluted,  or  still  better  as  the  concentration  of  th» 
hydrogen  ion  is  reduced  by  neutraUzation  with  a  base,  the  hydro- 
sulfide  ion,  HS~,  breaks  up  into  hydrogen  and  sulfur  aa  ions, 

HS-  ;=!  H+  +  S-  - 

As  a  result  of  this  tendency  of  dibasic  acids,  it  is  {lossible  to 
obtain  two  series  of  salts  of  these  acids  according  aa  the  one  or 
both  hydrogen  ions  are  replaced  by  metals.  For  example,  we 
have  the  compounds  NaHS  and  NajS.  The  compound  NaHS  is 
often  called  sodium  hydroaulfide  from  its  resemblance  to  sodium 
hydroxide,  NaOH,  while  NajS  is  called  sodium  sulfide.  Several  ' 
other  names  for  the  same  compounds  are  in  common  use 
shown  by  the  following  table:  _^ 

NaHS  Na,S 

Acid  sodium  sulfide  Neutrnl  sodium  sulfide 

Primary  sodium  sulfide  Secondary    sodium   sulfide 

MoDO-Bodium  sulfide  Di-sodiutn  sulfide 
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terms  acid  and  neutral  sodium  sulfide  are  rather  deceptive, 
i  the  so-called  acid  salt  is  really  just  about  neutral  in  its 
in  upon  litmus,  while  the  neutral  salt  is  decidedly  alkaline. 
9  latter  effect  is  due  to  hydrolysis  which  changes  the  neutral 
ide  nearly  completely  to  the  acid  sulfide  according  to  the 
atioD, 

Na,S  +  H,0  T±  NaOH  +  NaHS 

2Na+  +  S-  -  +  H^-  +  OH-  t±  2Na+  +  OH"  +  HS" 

knalytical  Reactions  of  Eydrogen  Sulfide. — The  sulfides  of 
uy  of  the  metals  are  very  slightly  soluble  in  water  and  are 
laequently  precipitated  when  hydrogen  sulfide  is  passed  into 
ueous  solutions  of  their  salts.  For  example,  a  solution  of 
■rcuric  chloride,  HgCli,  gives  a  black  precipitate  of  mercuric 
Ifide,  HgS,  with  hydrogen  sulfide, 

HgCl,  +  H,S  =  HgS  +  2HC1 
Hg<-+  +  2C1-  +  2H+  +  S-  -  ?i  HgS  +  2H+  +  2C1- 

Jts  of  copper,  lead,  bismuth,  antimony,  tin,  and  several  other 
etals  act  in  the  same  way,  and  their  sulfides  are  so  difficultly 
liable  that  they  will  be  formed  even  in  fairly  acid  solutions. 
Other  sulfides  are  more  soluble,  and  require  a  higher  concen- 
ation  of  sulfur  as  ion  for  their  formation,  rhis  can  be  obtained 
J  taking  advantf^e-  of  the  fact  that  salts  of  weak  acids  are 
^ly  dissociated,  and  using  instead  of  hydrogen  sulfide,  sodium 
ammonium  sulfide.  For  example,  ferrous  sulfide  is  not 
-ecipitated  by  hydrogen  sulfide,  but  is  by  sodium  sulfide, 

Fe++  +  2C1-  +  2Na+  +  S--J=tFeS  +  2Na+  +  2C1- 

K  is  made  of  these  properties  of  the  sulfides  to  separate  the 
etals  into  groups  according  to  similarities  in  their  behavior, 
id  this  tf^ether  with  the  fact  that  many  of  the  sulfides  have 
atinctive  colors,  makes  hydrogeo  sulfide  an  exceedingly  im- 
irtant  reagent. 

Hydroges  Sulfide  ab  a  Reducing  Agent. — An  aqueous  solution 
hydrogen  sulfide  when  exposed  to  the  air  loses  its  odor  and 
«omes  milky,  finally  depositing  a  white  precipitate  of  finely 
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I  into  water  in  which  iodine 
cid  is  obtained  together  wi* 


divided  aulfur.    This  is  formed  by  the  oxidation  of  the  hydregd 
sulfide  by  the  oxygen  of  the  air, 

2H,S+  Ot  =  2HtO  +  2S 

The  oxygen  oxidizea  the  hydrogen  sulfide,  and  thelatter  reduM 
the  oxygen. 

When  hydrogen  sulfide  is  i 
present  a  solution  of  hydrio 

free  sulfur,  1 

I,  +  H,  2HI  +  S  ' 

or  expressed  as  ions, 

I,  +  2H+  +  S-  -       2H+  -f-  21-  +  S 

In  this  ciise  t!ie  action  is  easil  een  to  be  between  the  3ul»* 
ion  and  Ww  thing  reduced — ^ihe  iodine.  Upon  exaniination  ' 
the  other  cases  in  which  hydrogen  sulfide  acts  as  a  reducing  age' 
it  will  be  found  that  in  the  majority  of  cases  the  action  consi- 
in  the  transformation  of  the  sulfur  ion  into  free  sulfur,  but  soff 
times  sulfuric  acid  is  formed.  The  hydrogen  has  nothing  to  ' 
with  the  reducing  action. 

Hydrogen  sulfide  will  reduce  concentrated  sulfuric  acid 
water  and  sulfur  dioxide,  sulfur  being  set  free, 

HtS  +  HsS04  =  S  +  2H,0  +  SO, 

Because  of  this  action,  concentrated  sulfuric  acid  cannot  be  use<i 
to  dry  hydrogen  sulfide. 

Polysulfides. — When  a  solution  of  a  soluble  sulfide  or  add 
sulfide  is  brought  in  contact  with  sulfur,  the  tatter  is  dissolved 
and  the  solution  becomes  dark  yellow  in  color.  If  sodium  sut 
fide  is  used,  compounds  Na2S4,  and  NatSe  may  be  obtained 
These  substances  are  called  polysulfides.  They  are  salts  ant 
yield  ions  which  are  Na"*"  and  anions  which  vary  in  compositioi 
from  S,—  or  HSr  to  Sr"  or  HSs". 

SulfuT  Dioxide  or  Sulfurous  Anhydride. — Sulfur  dioxide,  a 
ordinary  temperatures,  is  a  gaseous  substance  which  is  preeec 
in  the  gases  given  off  by  many  volcanoes.  It  is  formed,  as  w 
have  seen,  by  burning  sulfur  or  hydrogen  sulfide  in  the  air.  1 
may  also  be  prepared  by  roasting  metallic  sulfides,  pyrite,  FeS 
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for  example,  in  the  air.  When  these  are  raised  to  the  required 
temperature  they  burn,  forming  sulfur  dioxide,  SO2,  and  the 
oxides  of  the  metals, 

4FeS,  +  1102  =  2Fe,0,  +  8S0, 

Many  of  the  metals  are  obtained  from  their  sulfides  and  such 
a  roasting  process  is  generally  a  necessary  preliminary  to  the 
reduction  to  the  metal. 

Sulfur  dioxide  may  be  very  conveniently  prepared  by  the 
action  of  acids  upon  sulfites  or  acid  sulfites.  Under  these 
conditions  we  should  expect  the  formation  of  sulfurous  acid, 
HsSOt,  and  this  is  doubtless  formed  first  but  breaks  down  into 
water  and  SOj.  The  most  convenient  laboratory  method  for 
its  preparation  is  based  upon  this,  sodium  acid  sulfite,  NaHSO^, 
ftnd  strong  sulfuric  acid  being  used : 

2NaHS0,  +  H2SO4  =  Na^SO*  +  2S0,  +  2H2O 

It  is  often  prepared  by  the  action  of  reducing  agents  upon 
<^ncentrated  sulfuric  acid.  The  most  suitable  ones  are  perhaps 
metallic  copper  or  free  sulfur,  the  equations  being: 

2H2SO4  +  Cu  =  CuSOi  +  SO2  +  2H2O 

or 

2HtS04  +  S  =  2H2O  +  3SO2 

A  good  deal  of  sulfur  dioxide  is  prepared  for  technical  purposes 
by  acting  upon  concentrated  sulfuric  acid  with  carbon, 

2H,S04  +  C  =  2H2O  +  CO2  +  2SO2 

The  presence  of  the  carbon  dioxide  mixed  with  the  sulfur  dioxide 
usually  makes  this  method  imsuitable  for  laboratory  purposes. 
The  greater  part  of  the  sulfur  dioxide  which  is  used  in  the  arts 
is  made  by  burning  sulfur  or  pyrite. 

Physical  Properties. — Sulfur  dioxide  is  a  colorless  gaseous 
ffubetance  with  a  strong  odor  which  is  familiar  as  the  odor  of 
burning  sulfur.  Its  critical  temperature  is  156^  and  the  critical 
preeBure  is  79  atmospheres.  It  may,  then,  be  liquefied  by  pressure 
alone  at  ordinary  temperatures.  Since  its  boiUng-point  is  — 10^, 
it  may  be  eaaUy  liquefied  by  a  mixture  of  ice  and  salt.    The  liquid 
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IB  as  clear  and  colorless  as  water.  It  is  a  fairly  good  solvent  Mid 
is  able  to  ionize  many  salts,  though  to  a  smaller  extent  than  water. 
Liquid  sulfur  dioxide  is  now  an  article  of  commerce,  being  gold 
■  in  metal  cylinders  from  which  it  may  be  removed  as  desired. 

At  ordinary  temperatures  sulfur  dioxide  deviates  widely  from 
the  gas  laws — -a  fact  which  is  connected  with  its  ease  of  lique- 
faction. It  is  rather  soluble  in  r,  one  volume  of  the  lattw 
taking  up  at  ordinary  temperature  0  volumes  of  sulfur  dioxide 
and  a  amatlor  quantity  at  higher  temperatures.  At  higher 
temperatures  the  solubiUty  ap  Kimately  follows  Henry's 
law.  The  aqueous  solution  smells  rongly  of  the  dioxide  wtucb 
can  be  completely  removed  by  1  ng  since  it  does  not  foriu 
either  a  maximuoi  or  minimum  t        ig  mixture  with  water. 

Chemical  Properties. — Sulfur  ai  de  is  stable  and  is  decom- 
posed only  at  very  high  tempera L^.-es.  It  will  unite  directly 
with  chlorine  for  the  formation  of  sulfuryl  chloride,  SOjCIi,  or 
with  oxygen  to  form  sulfur  trioxide,  SOj.  The  solution  of 
sulfur  dioxide  in  water  reacts  acid  and  when  neutralized  with  I 
sodium  hydroxide  and  the  solution  evaporated,  it  yields  the  I 
salt,  sodium  sulfite,  NajSOa.  We  therefore  say  that  the  solu- 
tion contain.s  siUfurous  acid,  and  ascribe  to  this  the  formula 
HiSOi.  A  pure  acid  of  this  composition  cannot  be  prepared 
since  it  breaks  down  into  water  and  sulfiu'  dioxide  as  the  solu- 
tion is  concentrated.  Because  of  the  formation  of  sulfurous 
acid,  sulfur  dioxide  is  often  called  sulfuroud  anhydride. 

Like  hydrogen  sulfide,  sulfurous  acid  is  a  dibasic  acid  and 
yields  acid  and  normal  salts.  It  is  a  stronger  acid  than  hydro- 
gen sulfide,  and  the  normal  salts  are  not  so  highly  hydrolyced 
as  the  normal  sulfides.    The  hydrolysis,  however,  is  marked. 

Reducing  Actioa. — Sulfurous  acid  and  the  sulfites  are  strong 
reducing  agents,  passing  into  sulfuric  acid  or  sulfates.  As  an 
example,  we  may  take  the  reaction  of  sulfurous  acid  upoa  chlorine 
and  water, 

HjSO,  +  CI,  +  H,0  =  H,SO,  +  2HC1 

Here  the  oxygen  necessary  for  the  formation  of  sulfuric  add 
comes  from  the  water.    The  sulfurous  acid  may  be  replaced 
by  sulfites. 
Because  of  this  reaction  between  chlorine  and  sulfurous  acid, 
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sulfurous  acid  and  sulfites  are  used  as  "antichlors'^  in  the  bleach- 
ing industries  to  remove  the  last  of  the  chlorine. 

Sulfites  are  spontaneously  oxidized  by  the  oxygen  of  the 
air,  an  action  which  may  be  greatly  slowed  down  by  the  addi- 
tion of  small  quantities  of  sugar,  alcohol,  or  glycerine,  which 
act  as  negative  catalyzers. 

Bleaching  Action. — Sulfurous  acid  and  its  salts  are  rather 
powerful  bleaching  agents  and  are  extensively  used  for  bleach- 
ing silk,  wool,  feathers,  straw,  etc.,  which  would  be  destroyed 
by  chlorine  or  hypochlorous  acid.  The  sulfiu-ous  acid  acts  very 
differently  from  the  chlorine  in  that  it  reduces  the  coloring 
matter  instead  of  oxidizing  it.  The  coloring  matters  are  not 
destroyed  in  this  case  and  after  the  process  is  finished  the  goods 
must  be  carefully  washed  to  remove  the  altered  coloring  matter, 
as  otherwise  the  oxygen  of  the  air  would  soon  restore  the  colon 
If  sulfur  dioxide  is  used,  the  goods  are  first  moistened  so  that 
sulfurous  add  may  be  formed. 

Action  on  Organisms. — Sulfur  dioxide,  sulfurous  acid  and  sul- 
fites are  powerful  poisons  toward  vegetable  organisms  of  all 
kinds.  Because  of  this  property,  sulfur  dioxide  is  used  as  a 
gennicide  and  fungicide.  Sulfurous  acid  and  sulfites  have  been 
much  used  as  preservatives  in  food  products,  but  are  now  gen- 
erally forbidden. 

Sulfur  Trioxide  or  Sulfuric  Anhydride. — Sulfur  trioxide  is 
formed  by  the  direct  imion  of  sulfur  dioxide  and  oxygen, 

2S0f  +  Of  i=±  2S0» 

The  action,  however,  takes  place  very  slowly  even  at  some- 
what elevated  temperatures.  In  this  case,  one  cannot  resort 
to  raising  the  temperatiu'e  to  a  very  high  point  in  order  to  in- 
crease the  rate  of  combination,  because  of  the  fact  that  at  a  high 
temperature  the  action  is  reversed.  However,  there  are  several 
substances,  notably  finely  divided  platinum  and  ferric  oxide, 
FeiOj,  which  will  actively  catalyze  the  union  of  the  gases.  In  the 
case  of  the  finely  divided  platiniun,  the  process  takes  place  to 
the  best  advantage  when  the  temperature  is  about  400**.  The 
sulfur  trioxide  so  formed  ^aV  be  condensed  to  a  colorless  mobile 
liquid  which  boils  at  46^  '^yhen  cooled,  it  forms  a  transparent 
glassy  solid  which  melt^  '      ^  go.    After  standing  for  some  time. 
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it  passes  over  into  a  more  stable  form  which  appears  as  a  while, 
opaque,  glistenitif;  mass  of  needle-shaped  crystals.  This  opaquf 
form  does  not  melt,  but  at  50°  passes  directly  into  the  vapor 
which  upon  being  cooled  condenses  to  the  liquid,  from  which 
the  ice-like  solid  may  first  be  obtained  and  then  finally  the 
opaque  form.  The  white,  crystalline  solid  has  the  formula 
S»0.,  while  that  oi  the  other  n:  fioation  is  SOj.  The  SjOi 
is  called  a  polymer  of  the  SOi.  formation  of  the  liquid  and 

glassy  solid  before  the  appearance  >,f  the  stable  opaque  form  is 
another  instance  of  the  pbenom  i  described  by  the  law  of 
successive  reactions. 

Action  on  Water. — When  suli  trioxide  comes  in  contact 
with  moist  air,  it  forms  dense  «  fumes,  consisting  of  sul-    ' 

furic  acid  foimtd  by  the  union  „.      e  sulfur  trioxide  with  water    | 
vapor.     When  the  trioxide  is  broi,  ;ht  in  contact  with  water,   j 
combination  takes  place  with  the  production  of  so  much  heat 
that  it  hisses  as  though  a  red  hot  body  were  plunged  into  the 
water.     The   result   of  this   action   is  sulfuric  acid,   so  sulfur 
trioxide  is  often  called  sulfuric  anhydride. 

Sulfuric  acid  is  an  e.\ceedingly  important  chemical  as  may  be 
seen  from  its  yearly  production  which  amounts  to  over  2,000,000 
tons  in  this  country  alone.  It  is  made  by  two  processes.  The 
first,  called  the  contact  process,  is  very  simple  in  theory,  but  baa 
certain  practical  difficulties,  and  is  best  adapted  to  the  pro- 
duction of  very  concentrated  acid. 

The  second  is  the  lead  chamber  process,  the  chemistry  of 
which  is  more  complex  but  whose  operation  is  sure  and  simple- 
This  turns  out  immense  quantities  at  a  low  cost  of  a  somewhat 
dilute  acid  suitable  for  many  purposes,  the  bulk  of  it  being 
used  for  preparing  phosphate  fertilizer. 

The  starting-point  in  each  process  is  the  preparation  of  sulfur 
dioxide  either  by  burning  sulfur  in  the  air  or  more  commonly 
by  roasting  a  sulfide  such  as  pyrite,  FeSg;  in  the  latter  ease  tte 
reaction  is, 

4FeS,  +  110»  =  2Fe,0,  +  8S0,  (1) 

In  each  process  with  the  aid  of  catalyzers  this  sulfur  diozide, 
oxygen  of  the  air  and  water  are  then  caused  to  react  for'  the 
formation  of  sulfuric  acid.     The  chemistry  of  the  ctMitut  process 


ry  simple.    Three  reactiona  in  addition  to  that  in  equation 
ire  involved:  First  the  formation  of  sulfur  trioxide, 

2S0,  +  Os  ?=t  2S0»  (2) 

>nd,  the  union  of  the  sulfur  trioxide  with  sulfuric  acid  to 
1  fuming  or  pyrosulfuric  acid,  H1S1O7 

SO,  +  H,SO»  rt  H  AOt  (3) 

rd,  the  dilution  of  this  fuming  acid  with  just  enough  water 
nake  the  product  100  per  cent,  sulfuric  acid 

HtO  +  H,S,0,  =  2H,S0*  (4) 

rhe  reaction  between  sulfur  dioxide  and  oxygen  (2)  is  the 
ublesome  one.  It  is  slow,  reversible,  and  far  from  complete 
temperatures  above  400°.  Because  of  its  slowness  a  positive 
talyser,  either  platinum  or  ferric  oxide,  must  be  used.  Plati- 
un  works  rapidly  at  400°,  and  at  this  temperature  98-99  per 
Dt.  of  the  SOt  may  be  oxidized  to  trioxide. 
But  the  platinum  is  quickly  "  poisoned"  by  the  small  quantities 
:  arsenic  compounds  present  in  the  dust  from  the  sulfur  or 


Tite  burners,  and  soon  loses  its  activity  as  a  catalyzer  unless 
e  sulfur  dioxide  is  purified  with  painful  care  by  first  allowing 
e  dust  to  settle  (Fig.  31),  then  cooliag  the  gas,  washing  it  with 
tpray  of  water  and  drying  with  sulfuric  acid  before  it  goes  to 
i  catalyser  in  the  contact  chamber.  Ferric  oxide  is  not 
isoned  by  arsenic  but  works  rapidly  enough  only  at  tern- 
'atures  of  625°  or  higher,  and  at  625°  not  more  than  70  per 
it.  of  the  dioxide  can  be  converted  into  trioxide.  Hence 
rie  oxide  is  much  less  efficient  than  the  more  expensive 
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and  troublesome  platinum,  so  platinum  is  the  catalyier  m(4 
commonly  used.  The  plant  ie  shown  diagrammatically  ^  ^ 
31.  The  reaction  represented  by  equation  (1)  takea  plxt 
in  A;  by  equation  (2),  in  G;  and  (3),  in  H;  where  the  sulhiti 
trioxide,  removed  from  the  nitrogen  and  oxygen  left  from  the  wl 
by  absorption  in  concentrated  sulfuric  acid,  forms  fuming  Bultum' 


Ifuric  acid  as  shown  in  (4). 
this  very   important   proce* 
1  the  formation  of  sulfuric  sfi^ 
id  water. 

before,  see  equation  (1).  Tt 
nitrogen  peroxide,  NOt,  con' 
nd  water  upon  nitric  acid,  ^ 
^0;  the  latter  then  reacts  vi 
>gen  peroxide.     The  equatic: 


acid,  which  upon  < 

Lead  Chamber 
nitrogen  peroxide 
from  the  sulfur  di. 

The  sulfur  dioxid 
oxygen  comes  from 
from  the  action  of 
ing  sulfuric  acid  ar 
the  oxygen  of  the  air  i 
are  aa  follows: 

3S0,  +  2HN0,  +  2H,0  =  3HaS0«  +  2N0 

2NO  +  Oi^2NO, 

The  water  is  introduced  either  in  the  form  of  steam  or  as  a  spr 
of  very  finely  divided  water.  The  reactions  which  produce  t 
greater  part  of  the  sulfuric  acid  consist  in  the  interaction  of  tii 
sulfur  dioxide,  oxygen,  nitrogen  peroxide  and  water  for  the  foi 

mation  of  a  compound  called  nitroaylsulftuifi  acid,  SOt^uA 

and  its  subsequent  decomposition  by  water,  forming  gdHok 
acid  and  a  mixture  of  nitric  oxide  and  nitrc^en  peroxide.  Hk 
equations  are 

4S0,  +  2H,0  +  4N0.  +  0,  =  *SO,<^^q  (7 

and 

2S0^°Q  +  H,0  =  2H,S04  +  NO  +  NO.  (f 

The  nitric  oxide  then  reacts  with  some  more  oxygen  sb  shon 
in  equation  (6)  to  reform  the  peroxide  which  will  at  onoe  rw 
with  more  of  the  sulfur  dioxide,  oxygen,  and  water  to  form  ma 
nitrosylsulfuric  acid,  which  is  decomposed  by  water,  fomui 
another  lot  of  sulfuric  acid  and  reproducing  the  oxidea  (d  nitroge 
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cycle  of  changes  goes  on  until  all  but  one-haJf  a  per  cent,  of 
ulfur  dioxide  is  used  up.  So  a  very  small  quantity  of  tli)9 
8  of  nitrogen  will  transform  a  large  amount  of  sulfur  dioxide. 
e  reactions  take  place  in  very  lai^e  lead  lined  rooms  or 
Lbers  (Fig.  32),  of  which  there  are  three  or  more  in  each 
These  chambers  are  often  100  ft.  or  more  in  length 
liold  from  150,000  to  200,000  cu.  ft.  Lead  is  used  in  their 
truction  because  it  is  but  little  attacked  by  dilute  sulfuric 
The  sulfuric  acid  formed  collects  on  the  bottom  of  the 


Fia.  32. 

lbers,  while  a  mixture  of  the  oxides  of  nitrogen  and  the 
gen  from  the  air  which  furnished  the  oxygen  issues  from 
last  chamber.  The  oxides  of  nitrogen  are  too  valuable  to 
et  so  advantage  is  taken  of  the  fact  that  they  may  be  ab- 
d  in  concentrated  sulfuric  acid  forming  nitrosylsulfuric  acid, 


NO  +  NO,  +  2HjS0« 


<So.  +  «»^ 


(9) 


it  will  be  noticed,  is  equation  (8)  written  reversed.  The 
ption  takes  place  in  what  is  called  the  Gay  Lussac  tower, 
is  about  50  ft.  high  and  is  filled  with  tiles  over  which  con- 
Kted  sulfuric  acid  runs  in  a  thin  stream,  while  the  gases 
the  last  lead  chamber  enter  at  the  bottom  and  leave  near 
>p.  The  acid,  which  collects  at  the  bottom  of  the  tower, 
ins  the  nitrosylsulfuric  acid  in  solution.    This  may  be 
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easily  decomposed  by  water,  regeaerating  the  oxidee  of  lutrogei 
necessary  for  cutalyziog  the  formation  of  the  sulfuric  acic 
But  to  be  of  service,  these  oxides  of  nitrogen  must  be  reintroduca 
into  the  first  lead  chamber.  This  is  done  by  elevating  the 
drawn  off  from  the  bottom  of  the  Gay  Lussac  tower,  with  coo 
pressed  air  to  the  top  of  a  similar  structure  called  the  Glover'i 
tower  which  just  precedes  the  first  lead  chamber.  Here  thi 
concentrated  sulfuric  acid  is  mixed  with  dilute  acid  from  tl 
chambers.  This  partly  decomposes  the  nitrosylsulfuric  acid 
(See  equation  8).  The  mixture  is  then  allowed  to  flow  slowi] 
down  through  the  tower  over  the  acid-resisting  stones  or  tiles 
On  its  way  down  it  meets  the  hot  sulfur  dioxide  and  air  froH 
the  burners.  These  gases  enter  at  the  bottom  of  the  tow«, 
pass  up  through  and  out  near  ip,  going  from  there  into  I) 

first  lead  chamber.  The  hot  ^t.^.^  while  flowing  through  t) 
tower  remove  the  oxides  of  nitrogen  from  the  diluted  sulfurio 
acid  and  evaporate  a  large  part  of  the  water.  This  returi* 
the  oxides  of  nitrogen  to  the  point  where  they  are  needed,  con- 
centrates the  sulfuric  acid,  and  at  the  same  tinie  cools  the  gasa 
to  the  temperature  favorable  for  the  reactions. 

Other  reactions  than  the  ones  given  above  take  place  during 
the  process,  whereby  a  part  of  the  nitrogen  compounds  a 
duced  to  nitrou.-*  oxide,  NjO,  and,  as  this  takes  no  further  part 
in  the  reaction,  it  constitutes  a  loss  of  active  nitrogen  to  the 
system.  To  make  up  for  this  and  for  mechanical  losses,  it  is 
necessary  to  use  about  4  parts  of  sodium  nitrate  for  every  100 
parts  of  sulfur  burned,  to  make  nitric  acid  enough  to  replace  the 
oxides  of  nitrogen  lost.  The  nitric  acid  is  usually  added  ftt 
the  top  of  the  Glover's  tower  and  here  reacts  with  the  sulfur 
dioxide  as  shown  in  equation  (5). 

The  whole  process  may  be  briefly  summed  up  aa  follows: 
Sulfur  dioxide  is  formed  in  the  pyrite  burner,  equation  (I). 
The  hot  gas  passes  either  directly  to  the  Glover's  tower  or  aom»- 
times  first  through  a  dust-settling  chamber.  In  the  Glover't 
tower  the  oxides  of  nitrogen  are  removed  from  the  nitroej' 
sulfuric  acid,  equation  (8),  losses  replaced  by  the  additi 
of  nitric  acid,  equation  (5),  and  part  of  the  chamber  acid  cou- 
centrated.  In  addition,  reactions  represented  by  equations  (6)i 
(7),  and  (8)  take  place  to  a  certain  extent  in  the  tower.    From 
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over's  tower,  the  gases  pass  on  through  the  lead  chambers  in 
t;he  principal  reactions  are  represented  by  equations  (6),  (7), 
i) .  From  the  last  chamber,  the  residual  gases  pass  through 
■ay  LfUssac  tower  where  the  oxides  of  nitrogen  dissolve  in 
concentrated  sulfuric  acid,  forming  nitrosylsulfuric  acid 
O'wn  in  equation  (9).  The  nitrosylsulfuric  acid  then  goes 
to  the  Glover's  tower  and  the  oxides  of  nitrogen  begin 
oumey  once  more- 

mcentratioii  of  the  Acid. — The  chamber  acid  from  the 
uric  acid  plant  runs  about  65  per  cent,  acid  and  35  per  cent, 
ir.  Enormous  quantities  of  it  are  used  at  this  strength,  for 
aple,  in  making  fertilizer,  but  for  many  purposes  the  greater 
;  of  the  water  must  be  removed.  This  is  very  commonly  done 
running  the  chamber  acid  tt^ether  with  that  from  the  Gay 
Bac  tower  through  the  Glover  towers  until  the  acid  has  reached 
mcentration  of  78  per  cent,  or  higher.  It  may  then  be  con- 
trated  still  further  by  heating  in  cast-iron  retorts,  because 
uric  acid  of  this  strength  or  stronger  does  not  attack  iron, 
le  the  weaker  acid  does.  An  entirely  adequate  explanation 
his  behavior  is  lackii^. 

tills  of  glass  or  of  platinum  lined  with  gold  are  sometimes 
d  instead  of  the  cast-iron  ones. 

Lnother  method  of  concentration  which  is  sometimes  used 
bo  evaporate  the  chamber  acid  in  lead  pans  heated  from 
ive  until  the  acid  has  a  density  of  1.71  corresponding  to 
per  cent,  acid,  when  it  becomes  a  strong  enough  oxidizing 
nt  to  attack  the  lead  rapidly.  Further  concentration 
St  then  be  done  in  cast-iron,  glass,  or  platinum. 
%y8ic8l  PropertieB. — Commercial  sulfuric  acid  or  oil  of  vitriol 
I  a  density  of  1.83-1.84  and  contains  94  per  cent,  of  the  acid. 
e  strot^est  sulfuric  acid  which  can  be  secured  by  evaporation 
la  density  of  1.841  and  contains  98.2  per  cent,  of  the  acid. 
is  is  the  composition  of  the  maximum  boiling  mixture.  It 
la  at  330°  C.  The  vapor  consists  largely  of  a  mixture  of  sulfur 
xide  and  water  as  may  be  demonstrated  by  the  fact  that 
isk  filled  with  sulfuric  acid  vapor  will  lose  water  more  rapidly 
diffusion  than  it  does  the  more  dense  sulfur  trioxide.  When 
jentrated  sulfuric  acid  is  cooled  to  a  low  temperature,  crystals 
he  pure  acid,  H^Ot,  separate.    These  melt  at  10.5°. 
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Aqueous  Sulfuric  Acid. — The  heat  of  solution  of  one  rool» 
sulfuric  acid  in  a  great  deal  of  water  is  75  Kj.  So  when  sulfa 
acid  is  mixed  with  water  a  great  amount  of  heat  is  evolved,  T 
acid  should  always  be  poured  into  the  wat«r,  as  otherwise 
much  heat  is  likely  to  be  developed  at  one  point  that  some 
the  water  will  be  suddenly  converted  into  Bteam,  causing  i 
sulfuric  acid  to  spatter. 

When  concentrated  sulfuric  «  I  is  miTced  with  water  conskt 
able  contraction  occurs  so  '  the  total  volume  is  less  111 

the  sum  of  the  volumes  of  th  er  and  the  acid.     The  greati 

oontractioD  takes  place  wheii  diluted  acid  has  a  compositi 

of  70  per  cent.     A  total  volm       of  100  c,c.  before  the  roisi 
becomes  about  97  after  the  t*         m  of  the  acid  and  coohng. 

The  vapor  pressure  of  w  rom  aqueous  solutions  of  t 

acid  varii's  continuously  witn  1..^  composition,  and  is  very 
indeed  at  ordinary  temperatures  from  the  more  concentrated  m 
Upon  this  fact  depends  the  usefulness  of  concentrated  sulfn 
acid  for  drying  ga-ses. 

Dissociation  of  Sulfuric  Acid.^Pure  concentrated  sulfuric 
is  not  a  good  conductor  of  electricity,  but  when  the  acid  is  d 
solved  in  water  it  becomes  a  very  good  conductor  indeed, 
is  a  dibasic  acid,  and  like  all  others  of  its  class,  dissociates 
two  ways.  In  the  more  concentrated  acid,  the  principal  ani 
is  HS04~,  but  as  the  acid  is  diluted  this  breaks  down  to  p 
H+  and  SO,  .  As  has  been  pointed  out,  it  is  a  strong  ad 
but  not  BO  strong  as  hydrochloric. 

Applications  of  Sulfuric  Acid. — Enormous  quantities  of  sulfui 
acid  are  used  in  the  arts.  The  largest  single  use  is  in  the  mil 
facture  of  fertilizers.  A  great  deal  is  used  in  making  sodil 
carbonate.  In  fact,  there  is  scarcely  a  manufacturing  indust 
of  any  importance  which  does  not  directly  or  indirectly  m* 
use  of  sulfuric  acid. 

Its  many  applications  depend  mainly  upon  the  following  fa( 
It  is  cheiip,  a  fairly  strong  acid,  a  moderately  strong  oxidi 
agent,  not  very  volatile  and  forms  slightly  soluble  salts  wdl 
several  cations.    As  an  acid  it  is  much  used,  for  example,  intU 
preparation  of  hydrogen,  to  dissolve  the  "scale"  or  coating  d 
oxide  from  metal  plates  before  further  treatment  in  various  maBM 


processes  and  in  the  preparation  of  other  acids  from 
i. 

;age  is  taken  of  its  oxidizing  power  in  the  separation  of 
□1  gold  in  the  process  of  refining  of  these  metals.  The 
ixidized  to  silver  as  ion,  which  then  forms  silver  sulfate, 
;  sulfuric  acid  is  reduced  to  water  and  sulfur  dioxide. 
.  is  not  attacked. 

2Ag  +  2H,S0,  =  AgiSO*  +  SO,  +  2H,0 
tensive  use  in  the  manufacture  of  hydrochloric  and 
ds  by  the  first  general  method  depends  upon  its  sUght 
-,  which  more  than  makes  up  for  the  fact  that  sulfuric 
iaker  than  many  of  the  acids  which  it  is  used  to  prepare. 
it  solubility  of  the  sulfates  of  barium,  lead,  and  calcium 

very  useful  in  the  preparation  of  acids  by  the  second 
aethod.  In  fact,  its  use  in  preparing  fertilizers  depends 
:  fact  that  it  can  convert  calcium  phosphate  into  easily 
}bosphoric  acid  or  else  calcium  acid  phosphate  and 
f  soluble  calcium  sulfate. 
)8. — ^ince  sulfuric  acid  is  a  dibasic  acid,  it  forms  two 

salts,  acid  and  neutral  sulfates;  for  example,  sodium 
Eite  NaHSOf  and  sodium  neutral  sulfate  Na^04.  8ul- 
1  is  a  strong  enough  acid  to  make  the  names  appropriate 
^he  acid  salt  actually  is  acid  and  the  neutral  salt,  neutral. 
ouB  sulfates  will  be  discussed  in  some  detail  under  the 
metals. 

Icatioa. — Barium  sulfate  is  exceedingly  sUghtly  soluble 
,  since  it  requires  more  than  300,000  times  its  weight 
for  solution.  It  is  promptly  formed  whenever  a  solution 
um  salt,  barium  chloride,  BaCli,  for  example,  is  added 
ition  of  a  sulfate  or  of  sulfuric  acid.     This  then  is  a 

of  the  sulfate  ion.  The  barium  sulfate  is  white,  and 
ssolved  in  dilute  hydrochloric  acid,  and  by  this  is  dis- 
d  from  all  other  barium  salts,  except  barium  selenate. 

Other  Oxygen  Acids  of  Sulfur 

fnric  Add. — It  will  be  recalled  that  when  dilute  sulfuric 
lectrolyzed,  hydrogen  aiid  oxygen  are  given  off  in  the 
in  for  the  formation  of  water. 
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When  50  per  cent,  sulfurie  acid  is  eloctrolyzcd,  using  u  v 
small  anode  and  keeping  the  solution  cold,  but  little  ox}! 
appears  at  the  anode.  At  the  same  time  a  new  substu 
persiilfuric  acid,  H-SiOg,  is  formed  in  the  solution.  The  fom 
tion  of  this  acid  is  easily  understood.  Sulfuric  acid  as  rmt 
trated  as  50  per  cent,  or  more  contains  principally  the  ions 
and  HSOj~.  Two  ionic  weight  sf  HSOi"  give  up  their  chatj 
to  the  anode  and  at  once  un  form  HsSiO».     If  potassiumi 

ammonium  aeid  sulfate,  K  >r  NH,HSO,,  is  used  instead  ( 

the  sulfuric  aeid,  the  rather  ultly  soluble  potasaimn  or  am 

monium  persulfate  soon  sepa  around  the  anode.     Thesesall 

are  now  common  commercial  ieles,  and  find  fairly  extenaj» 
use  Ijocause  they  are  good  ox        ag  agents. 

Hyposulfurous  Acid. — The  *  of  this  acid  H(S»0,  are  form 
by  the  action  of  zinc  upon  solutions  of  acid  sulfites  containir 
an  excess  of  sulfur  dioxide,  or  upon  sulfur  dioxide  in  soluti 
in  absolute  alcohol.  Sodium  hyposulfite,  Najf^-Oi,  is  a  comnw 
cial  article  which  is  extensively  used  in  dyeing. 

The  hyposulfites  are  less  powerful  reducing  ^ents  than  vi 
but  being  soluble  are  much  more  rapid  in  their  action. 

Thiosulfuric  Acid. — It  will  be  recalled  that  a  sulfite  in  solutii 
will  slowly  take  up  oxygen  from  the  air,  passing  into  a  sulfsl 
In  much  the  same  way,  but  more  rapidly,  a  sulfite,  say  sodin 
sulfite,  will  take  up  sulfur  forming  a  thiosulfate,  or  a  sulfate 
which  one  atomic  weight  of  sulfur  takes  the  place  of  an  atoa 
weight  of  oxygen.  This  is  one  of  the  ways  in  which  sulfur  shoi 
its  analogy  to  oxygen, 

NaaSOs  +  S  =  Na»S,0, 

The  salt  NasSsOj-SHtO  is  known  as  sodium  thiosulfate  or  inc 
rectly  as  sodium  hyposulfite  or  "  hypo."  It  is  the  most  importa 
of  the  thiosulfates  and  is  much  used  in  photography.  It  i- 
good  reducing  agent  and  is  often  used  as  such  in  place  of  sulli.' 
For  example,  it  may  be  used  as  an  antichlor  for  the  removfc. 
chlorine  from  bleached  goods, 

HjO  +  NajSjO,  +  CU  =  Na,S04  +  2HC1  +  S 

The  protective  masks  worn  by  the  soldiers  in  theEuroiv 
war  to  minimize  the  effect  of  the  "asphyxiating  gas,"  chlor; 
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wet  with  a  solution  of  sodium  thioBulfate  and  carbonate, 
^uation  ^ven  above  represents  the  main  reaction, 
iosulfuric  acid  is  so  unstable  that  it  decomposes  almost  as 
as  it  is  liberated,  into  sulfur  and  sulfurous  acid.  So  that 
lolution  of  thiosulfate  is  acidulated  it  will  become  milky 
it  at  once.  This  decomposition  is  largely  prevented  by 
jdition  of  sulfites. 

logen  Compounds  of  Sulfur. — When  dry  chlorine  gas  is 
d  over  heated  sulfur,  the  twoel  ements  combine  with  the 
ition  of  sulfur  monochloride  S3CI1,  which  is  a  reddish-yellow 
1  boiling  at  138°.  It  is  a  very  good  solvent  for  sulfur  and 
is  reason  has  been  used  in  vulcanizing  rubber.  With  water, 
cts  for  the  formation  of  sulfur,  hydrochloric  acid,  sulfurous 
and  thioBulfurous  acid. 

th  bromine  and  iodine,  sulfur  forms  compounds  correspond- 
I  the  monochloride.  They  are  the  monobromide,  StBfi,  and 
Loniodide,  Silt.  Fluorine  and  sulfur  combine  so  vigorously 
they  catch  fire  at  ordinary  temperatures  forming  sulfur 
luoride,  SF.. 

iuiyl  Chloride. — Sulfur  dioxide  and  chlorine  combine 
:.ly  to  form  sulfuryl  chloride,  SOiCU.  The  combination 
place  much  more  rapidly  in  the  sunlight  than  in  diffused 
ght  and  is  catalyzed  by  camphor.  It  is  a  colorless  mobile 
I,  boiling  at  69°,  and  having  a  density  of  1.67.  With  water 
,ctB  to  give  sulfuric  and  hydrochloric  acids, 

SOiCl,  +  2H,0  =  H^O,  +  2HC1 

sitive  and  Negative  Valence. — Hydrogen  and  chlorine  in 
Qgen  chloride  as  we  have  learned  are  both  monovalent. 
Q  the  compound  is  dissolved  in  water  it  dissociates  into 
aonovalent  hydrogen  ion  carrying  one  positive  charge,  and 
monovalent  chlorine  ion  carrying  a  negative  charge.  This  at 
gives  the  conception  of  positive  and  negative  valence,  and 
splanation  of  the  valence  of  an  ion,  which  then  becomes 
icsl  with  the  number  of  positive  or  negative  charges  which 
on  carries.  Thus  the  sulfur  ion,  S""",  is  negative  and  is 
ent,  as  is  also  the  sulfate  ion,  SOt"~.  We  may,  then,  say 
the  sulfate  ion  unites  with  two  atomic  weights  of  hydro- 
ir  sodium  as  ion;  because  each  of  these  carries  one  positive 
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chai^  or  is  monovalent, 
charge  upon  the  sulfate 
sulfate,  both  of  which 
of  the  valence  of  ioas  is 
ascribe  the  phi 
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negatively  and  the  valence 
deternained  by  the  numbtr 
per  atomic  weight.  This 
cm  contradictions  and  imy 
with  the  facts  in  the  great 
iful  conception.  According 
r  and  most  other  compounds 
ia  three,  and  the  carbon 


.nd  two  are  required  to  neutralize  thr 
n  and  lo  form  sulfuric  acid  or  sodium 
re  electrically  neutral.  The  subjecl 
mple,  and  this  has  led  to  attempts  U 
annected  with  valence  in  general  W 
an  electrical  origin.  In  accordance  with  this  view,  the  elemenU, 
even  in  compounds,  which  are  t  salts,  are  supposed  to  be 
charged,  some  positively  and 
of  each  element  is  supposed  to 
of  +  or  —  charges  which  it  ( 
view  seems  to  be  not  entirely 
be  incorrect,  but  it  is  in  agreeni 
majority  of  cases  and  is  a  very 
to  this  hypothesis,  the  oxygen  in  t< 
carries  two,  the  nitrogen  in  amn 
methane,  CHj,  four  negative  charges. 

While  it  is  very  easy  to  decide  that  the  valence  of  the  sulfate 
ion  is  two,  it  is  not  so  easy  to  answer  the  question  "  What  is  the 
valence  of  the  sulfur  in  this  ion?"  If  we  assume  that  oxygen 
in  compounds  always  has  the  valence  that  it  has  in  water,  vii., 
two  negative,  we  may  reach  a  reasonable  conclusion  in  thit 
and  similar  cases.  Since  the  sulfate  ion  as  a  whole  carries  two 
negative  charges,  it  follows  that  the  algebraical  sum  of  the 
positive  and  negative  charges  upon  the  sulfur  and  the  oxygen 
must  be—  2orx-l-a=  —2,  where  "x"  represents  the  charges 
upon  the  sulfur,  and  "a"  those  upon  the  oxygen.  Now  from  the 
assumption  which  we  have  made  about,  the  valence  of  oxygenr 
each  atomic  weight  of  this  element  carries  two  negative  chai^ 
and  the  four  would  then  total  eight  negative  charges,  and  in  the 
equation  given  above,  "a"  would  have  the  value  —8 

X  -8  =  -2 


X-  +6 

From  this  it  follows  that  the  valence  of  the  sulfur  in  the  sulfate 
ion  or  in  sulfuric  acid  for  that  matter,  is  -1-6.  This  is  confinoH' 
by  the  fact  that  sulfuric  acid  is  so  simply  formed  from  water 
and  sulfur  trioxide  SOt,  in  which  the  sulfur  evidently  has  a  var 
lence  of  +6.     Working  in  this  same  way,  it  is  easy  to  show  that 
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ilorine  ia  chloric  acid,  HClOt,  has  a  valence  of  +5,  in 
1  chlorite,  NaClOt,  of  +3,  and  that  the  phosphorus 
jBphoric  acid,  HtPO*,  has  a  valence  of  +5.  Nitrogen  in 
nia  NH(,  and  in  the  ammonium  ion  NH4+,  seems  to  have  a 
e  of  —3;  wtiile  in  nitric  acid  HNOi,  it  is  +5,  so  it  would 
:  that  the  valence  of  an  element  can  not  only  change  in 
but  even  in  sign. 

valence  of  a  free  elenJent  is  conaidered  to  be  zero, 
lation  and  Reduction. — Oxidation  and  reduction  processes 
>een  frequently  mentioned  in  what  has  gone  before,  but 
lot  been  discussed  in  detail.  While  oscygen  is  the  typical 
ng  agent,  attention  has  been  called  a  number  of  times  to 
!t  that  we  have  well  marked  cases  of  oxidation  into  which 
1  does  not  enter  in  any  way.  Similarly  hydrogen  is  the 
1  reducing  agent,  but  a  great  many  reduction  processes 
own  which  do  not  involve  this  element, 
udy  of  these  processes  soon  shows  that  they  always  produce 
s  in  the  valence  of  the  elements  oxidized  or  reduced. 
Mb  is  so  may  be  easily  seen  from  the  table  given  below. 
inspection  of  the  last  three  columns  in  the  first  table  will 
;hat  oxidation  is  always  accompanied  by  an  increase  in  the 
!r  of  positive  charges  upon  the  element  oxidized,  a  decrease 
{ative  being  of  course  equivalent  to  an  increase  in  the 
^e  charges.  The  coirespondii^  columns  of  the  second  table 
te  that  reduction  involves  a  decrease  in  the  number  of 
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positive  or  an  increase  in  the  iber  of  negative  charges  upoE 
the  element  reduced.  The  m  eneral  conception  of  oxidatioi 
and  reduction  then  is  that  oxidaiion  consists  in  an  increase  in  lAi 
number  of  positive  charges  upon  the  element  oxidized  or  tcha 
amounts  to  Ike  same  Ihiiuj.  n  dtrycnisi-  in  the  7iiiriiber  of  negatm 
charges.  Reduction  consists  in  a  decrease  in  the  nwmfcer  of  potUtM 
charges  upon  the  element  reduced,  or  what  amounts  to  the  sam 
IhiTig,  an  increase  in  the  number  of  negative  charges.  Ondatiof 
and  reduction  are  opposed  processes,  and  one  of  them  cannot 
take  place  without  the  other  occurring  simultaneously  sue 
to  the  same  extent.  This  will  be  seen  by  examining  the  sbovi 
table  more  closely.  In  each  of  these  reactions,  there  is  ai 
oxidizing  agent  and  a  reducing  agent,  and  in  every  case  the  on 
loses  exactly  as  many  charges  as  the  other  gains. 
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SELENIUM  Ain>  TBLLTHtlDM 

Selenium  and  tellurium  are  two  elements  which  bear  about 
the  same  relatdon  to  sulfur  that  bromine  and  iodine  do  to  chlorine. 
The  resemblance  of  tellurium  to  sulphur  is  perhaps  less  marked 
.  than  that  of  iodine  to  chlorine,  but  selenium  furnished  fully  as 
cl<»e  a  match  for  sulfur  as  bromine  does  for  chlorine.  A  com- 
parison of  the  atomic  weights  of  the  members  of  these  two 
groups  of  elements  is  of  some  interest. 

Chlorine 35.46  Bromiae 79.92  Iodine 126.92 

SoUur 32.06  Selenium 79.20  Tellurium 127. SO 

From  this  it  is  Been  that  the  atomic  weights  of  sulfur,  selenium, 
and  tellurium  correspond  closely  to  those  of  chlorine,  bromine, 
and  iodine  respectively.  In  each  group  of  these  elements  it  be- 
comes easier  to  liberate  an  element  from  its  hydrogen  compound, 
the  greater  the  atomic  weight  of  the  element  is.  Selenium  and 
tellurium  correspond  to  bromine  and  iodine  in  that  they  do  not 
occur  abundantly  in  nature  although  they  are  rather  widely 
iJirtributed. 

Selenioh 

Selenium  occurs  in  nature  both  free  and  combined.  In  the 
free  atate  it  is  found  as  an  impurity  in  crystals  of  native  sulfur, 
wliiJe  the  compounds  are  usually  associated  with  the  corre- 
sponding sulfur  compounds.  The  element  was  discovered  in  the 
"*ie  dust  (rf  a  sulfuric  acid  factory,  and  this  together  with  the 
*''ode  mud  of  electrolytic  lead  and  copper  refineries  is  still 
^*  chief  source  of  the  element. 
''loperties. — ^Like  sulfur,  selenium  takes  on  a  number  of 
.'^tu;  amorphous,  crystalline  and  metallic.  Amorphous  sele- 
r^*o  is  black  and  glassy  unless  finely  powdered  when  it  is  red. 
^^re  are  two  kinds  of  red  crystalline  selenium;  they  melt  at 
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170°-180°  and  are  soluble  in  carbon  disulfide.  If  kept  at  150° 
for  Bome  time,  they  change  into  a  gray  crystalline  modification 
melting  at  217°  and  boiling  at  690".  This  gray  form  has  some 
metallic  properties  and  is  a  poor  conductor  of  electricity  in  the 
dark,  but  much  better  in  the  light.  This  is  the  basis  of  the  sele- 
Dium  cells  which  find  practical  application  in  automatically  turn- 
ing on  signal  lights  at  the  of  darkness.  Above  1,400° 
the  molecular  weight  correup...  >  the  formula  Sej;  at  lower 
temperature  the  molecule  is  more  co^nplex. 

Chemical  Properties.— Selenium  i  ombines  directly  with  iron 
and  many  other  metals,  and  also  with  hydrogen,  oxygen  and 
the  balogene.  As  a  rule  these  '  impounds  are  formed  less 
readily  than  the  corresponding  fur  compounds,  and  from 
them  the  element  is  more  easily  crated  than  is  sulfur  from 
its  compounds.  These  relations  are  about  the  same  as  those 
between  bromine  and  chlorine. 

Hydrogen  Seteoide.— ^The  methods  for  the  preparation  (A 
hydri^en  selenide,  HjSe,  are  very  similar  to  those  for  hydrogen 
sulfide.  It  may  be  formed  by  the  direct  union  of  the  elements  or 
by  acting  upon  ferrous  selenide,  FeSe,  with  hydrochloric  acid, 

FeSe  +  2HC1  =  H,Se  +  FeCI* 

Hydri^en  selenide  resembles  hydrogen  sulfide  in  that  it  is  ^ 
colorless  poisonous  gaseous  substance  soluble  in  water,  giving 
an  acid  solution  from  which  the  element  is  deposited  upo^ 
exposure  to  the  air  and  further  that  it  precipitates  difficultly 
soluble  selenides  from  solutions  of  salts  of  the  heavy  metaU. 

It  is  more  easily  liquefied  (boiling-point  —41°)  than  hydrogen 
sulfide  and  has  a  much  worse  odor  resembling  decBy^ 
horseradish. 

Selenium  Dioxide  and  Selenious  Acid.-~-Selenium  bums  i^ 
air  forming  aoUd  selenium  dioxide,  SeO),  which  will  dissolve  ^ 
water  forming  easily  soluble  crystalline  selenious  acid. 

It  is  a  weak  dibasic  acid  resembling  sulfurous  acid.  Like  tit^ 
latter  it  acts  both  as  a  reducing  and  an  oxidizing  agent,  bu'' 
differs  in  that  its  oxidizing  power  is  much  stronger  than  it^ 
reducing.    It  oxidizes  sulfurous  acid  to  sulfuric, 

H,SeO)  +  2H.S0»  =  2H)S04  +  Se  +  H,0 
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but  reduces  permanganate,  being  oxidized  to  selenic  acid,  H2Se04, 
4H,Se03  +  2KMn04  =  3HjSe04  +  KjSeO*  +  Mn,03  +  H,0 

Selenic  Acid. — There  is  no  selenium  compound  corresponding 
to  sulfur  trioxide,  but  selenic  acid  is  strictly  analogous  to  sulfuric 
acid. 

It  is  in  general  a  more  powerful  oxidizing  agent  than  sulfuric 
acid  since  it  liberates  chlorine  from  hydrochloric  acid  and  dis- 
solves gold,  but  curiously  enough,  it  is  without  action  upon  either 
hydrogen  sulfide  or  sulfur  dioxide. 

Tellurium 

Tellurium  is  decidedly  rare.    It  occurs  free  but  mostly  as 
tellurides  of  gold,  silver,  lead  and  bismuth.    Tellurium  is  more 
ii^etallic  in  its  characteristics  than  the  other  members  of  the 
sulfur  family.    It  forms  both  amorphous  and  crystalline  modi- 
fications; the  latter  has  a  silvery  white  metallic  luster,  a  density 
^f  6,3,  melts  at  460**,  and  boils  at  1,390^.    At  1,760**  the  molecular 
'^^ght  shows  that  the  formula  is  Te2.    The  crystalline  modi- 
fication ia  a  slight  conductor  of  electricity.    The  element  com- 
'^*^es  directly  with  oxygen,  the  halogens  and  many  of  the  metals. 
hydrogen  Telluride. — Tellurium  compoimds  are  in  general 
®^Xular  to  those  of  sulfur  and  selenium,  but  differ  in  some  im- 
P^xtant  points. 

Hydrogen  telluride  is  prepared  much  as  hydrogen  sulfide  and 
^lenide  are.  It  is  colorless,  gaseous,  has  a  bad  odor,  boils  higher 
(^^)  than  they,  and  is  much  less  stable.  Its  solution  in  water  is 
^^ly  feebly  acid. 

TeUoriuin  Dioxide. — Telluriiun  burns  in  oxygen  forming  the 
^oxide  which  is  a  white,  crystalline  substance,  slightly  soluble 
^  ^ater.    The  solution  does  not  redden  Utmus. 

teUurous  Acid. — Tellurous  acid,  HaTeOj,  is  a  white  powder, 

^^itly  soluble  in  water  but  dissolved  by  either  potassium  hy- 

^Xide  or  strong  acids.    It  then^acts  both  as  a  base  and  as  an 

?^4,  but  is  neither  strongly  acid  nor  basic;  nothing  which  acts 

^  ^th  these  ways  is  ever  strong  in  either. 

.   t^ellurium  trioxide,  (TeOj)  is  known,  but  unlike  sulfur  trioxide 

is  totally  indifferent  toward  water.    Telluric  acid  (HaTeOa 

*"  ^iTe04"2HiO),  is  a  very  weak  acid  with  some  basic  properties. 
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It  IB  a  powerful  oxidizing  agent  and,  unlike  » 
hydrogen  sulfide  or  selenide. 

Th8  Solfob  Family 
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CHAPTER  XIV 

IflTROGBn 

leneral. — The  element  nitrogen  occurs  in  nature  both  free 
1  in  combination.  The  free  element  is  found  in  the  air  of 
ich  it  constitutes  approximately  four-fifths  by  volume.  The 
iter  part  of  the  remainder  is  oxygen.  The  element  ia  de- 
Mlly  inactive,  but  its  compounds  are  among  the  most  reactive 
:hemical  substances.  This  will  be  seen  at  once  when  it  ia 
itioned  that  they  include  gun  cotton,  nitroglycerine,  and 
oet  all  of  our  modern  high  explosives.  The  inorganic  com- 
ndfl  of  nitrogen  which  occur  in  nature  are  principally  am- 
lia,  ammonia  compounds,  and  saXla  of  nitric  acid.  Large 
iitities  of  very  complex  carbon  compounds  of  nitrogen  are 
sent  in  coal.  Nitrogen  compounds  are  of  great  importance 
iiB,  since  it  is  with  them  that  the  vital  phenomena  seem  to 
directly  connected.  The  albuminoids  constitute  an  impor- 
t  class  of  such  compounds,  and  contain  almost  15  per  cent, 
litrogen. 

"reparattOD  of  fht  Element — Impure  nitrogen  containing  the 
nbers  of  the  argon  group  can  be  obtained  from  air  by  burning 
ephoruB  in  the  latter;  or  a  product  answering  for  many  com- 
vial  purposes  may  be  secured  by  the  fractional  distillation  of 
id  air;  but  the  pure  element  can  be  obtained  only  by  decom- 
Jig  some  nitrogen  compound. 

jDmonium  nitrite,  NH4NO1,  when  gently  heated  decomposes 
>  water  and  nitr<^en. 

NHtNO,  =  N,  +  2H,0 

monia  and  copper  oxide,  or  nitric  oxide,  NO,  and  copper 
:t  at  higher  temperatures  and  yield  pure  nitrogen. 
Iiysical  Pnqierties.— Nitrogen  is  a  colorless,  tasteless,  odorless 
which  is  very  shghtly  soluble  in  water;  100  volumes  of  the 
er  dissolve  1.6  volumes  of  nitrogen.  The  density  of  nitrogen 
n  chemical  sources  is  0.0012508,  while  that  of  the  atmospheric 
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nitrogen  ie  0.00125718.  It  wae  this  difference  in  density  of  Ilit 
gas  from  the  two  sources  that  led  to  the  diecovery  of  arp», 
The  critical  temperature  of  nitrogen  is  —146°  and  the  crilid 
pressure  is  35  atmospheres.  Its  boiling-point  is  — 195°-  Tk 
liquid  nitrogen  is  colorless  and  has  a  density,  at  its  boiling-point, 
of  0.8103.     At  —210°,  nitrogen  freezes  to  a  white  solid. 

The  molecular  weii"''*  "'  n;*-nTQr,  jg  2S,  and  therefore,  since  ia 
atomic  weight  is  14. (  is  Nj. 

Chemical  Propertii  nost  of  the  other  clemenlt, 

nitrogea   ordinarily   <         i  to    be   inactive.     At  highet 

temperatures,  or  ur  ice  of  the  electric  glow  dfr 

char^  it  becomes  fairij  \Tien  the  gas  is  passed  ovff 

strongly  heated  lithium,  n,  calcium,  or  boron,  direct 

combination  takes  p  formation  of  the  nitrides  « 

these  elements,  Liil  jNt,  and  BN.     A  oiiKture  d 

powdered  lime  (calcium  uxiui;,  ^,  ))  and  magnesium  reacts  so 
vigorously  whpn  heated  in  a  current  of  nitrogen  that  the  pheno- 
mena strongly  resemble  those  of  combustion  of  many  subatencs 
in  oxygen. 

When  nitrogen  is  mixed  with  either  oxygen  or  hydrogen  ami 
heated,  but  little  action  takes  place.  When  an  electric  spark  ia 
passed  through  either  of  these  mixtures,  some  change  occurs, 
but  soon  coines  to  an  end  since  the  reactions  are  reversible.  Id 
the  case  of  nitrogen  and  oxygen,  nitric  oxide,  NO,  is  first  fonoeJ 
and  this  then  combines  with  the  excess  of  oxygen  present  to  form 
nitrogen  peroxide,  NOi.  The  nitrogen  and  hydrogen  unite  to 
form  ammonia,  NH,.  Nitrogen  rendered  active  by  the  electric 
glow  discharge  will  continue  to  glow  for  some  time  after  the  dis- 
charge has  ceased,  and  will  react  with  phosphorus,  Bodium, 
mercury,  and  with  some  compounds  of  carbon  and  hydrogen. 
In  many  respects  it  seems  to  be  analogous  to  ozone,  but  is  IcS 
stable  than  the  latter. 

Hydrogen  Compounds  of  Nitrogen. — By  far  the  most  importtf' 
of  the  compounds  of  hydrogen  and  nitrogen  is  ammonia,  NHi' 
Some  idea  of  its  importance  may  be  gained  from  the  fact  that  tbfl 
yearly  production  of  the  compound  and  its  salts  is  equal  W 
260,000  tons  of  ammonia.  In  addition  to  ammonia  we  have  tbe 
less  important  compounds,  hydrazine,  NiHi,  and  hydronitnc 
acid,  HN,. 
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Axamonia — Occurrence. — Ammonia  is  present  in  very  small 
lantities  in  the  air  and  in  all  river  and  rain  waters,  both  as 
icombined  ammonia  and  as  ammonium  nitrate,  NH4NO),  and 
amonium  nitrite,  NHiNOj. 

Preparation. — Ammonia  may  be  prepared  directly  from  the 
ements  under  the  infiuence  of  an  electric  spark,  or  better,  by 
sating  a  highly  compressed  mixture  of  nitrc^en  and  hydrogen 
>  not  over  750°  in  the  presence  of  finely  divided  iron  or  uranium 
I  catalyzer. 

An  application  of  the  law  of  mobile  equilibrium  to  the  equation 
>r  the  reaction 

N,  +  3H,i=t2NH,  +  SOKj 

30W8  that  since  the  volume  of  the  ammonia  is  less  than  that 
F  the  elements,  high  pressure  is  favorable;  while  the  evolution 
f  heat  indicates  that  ammonia  will  decompose  with  rising 
emperature,  and  therefore  a  low  temperature  will  lead  to  a  more 
omplete  union  of  the  elements. 

This  reaction  is  now  being  used  for  the  synthesis  of  ammonia 
>n  a  large  scale.  The  pressure  used  is  about  200  atmospheres 
md  one  of  the  chief  problems  is  to  keep  the  apparatus  gas-tight 
it  the  high  pressure  and  temperature  necessary. 

Water  acts  upon  nitrides  forming  ammonia  and  the  hydroxide 
of  the  metal.  The  equation  for  the  decompo«tion  of  magnesium 
Ditride  is  given  below: 

Mg,N,  +  6H,0  =  3Mg(0H),  +  2NH, 

A  somewhat  analogous  method  consists  in  the  Formation  of 
cilcium  cyanamide,  CaCNj,  by  the  action  of  nitrogen  upon 
cdciiim  carbide,  CaC),  at  fairly  high  temperatures: 

CaC,  +  N,  =  CaCN,  +  C 

^ater  decomposes  this  calcium  cyanamide  and  yields  calcium 
^bonate,  CaCOi,  and  ammonia, 

CaCN,  +  3H,0  =  CaCO,  +  2NH, 

These  reactions  are  the  basis  of  a  thoroughly  practical  process 
for  obtaining  ammonia  from  the  nitrogen  of  the  air  and  are  now 
''siiig  carried  out  on  a  very  large  scale. 
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Animal  refuse  includiog  horns,  hides,  hair,  feathen 
when  heated  gives  off  a  part  of  the  nitrogen  in  the  form 
monia.  A  solution  of  ammonia  in  water  waa  formerly  pi 
in  this  way  and  was  known  as  spirits  ol 
horn;  a  name  that  is  sometimes  used 
present  day.  Some  ammonia  is  given  ol 
volcanoes  and  collects  around  them  in  tl 
of  ammonium  chloride,  NHjCI. 

Coal  contains  upward  of  2  per  cent,  ol 
gen  in  combination  with  carbon,  bydroge 
and  when  the  coal  is  hcMed  in  the  abs 
air,  as  in  the  manufacture  of  coal  gas, 
some  of  the  methods  for  making  coke,  a 
this  nitrogen  is  given  off  in  the  form  of 
nift.  The  gatica  are  led  through  water 
dissolves  the  greater  part  of  the  ammoi 
also  many  other  substances.  This  "amm 
liquor"  is  then  mixed  with  slaked  lin 
heated.  The  ammonia  is  given  off  and  aX 
in  dilute  hydrochloric  acid  or  sulfuri( 
forming  ammonium  chloride,  NH4CI,  or 
nium  sulfate,  (NHjjjSOi,  The  greater 
the  ammonia  of  commerce  is  prepared  frc 
in  this  way. 

In    the   laboratory,  ammonia  is  usua 

taincd  by  gently   heating  a  mixture  of 

hme,   Ca{OHli  and   ammonium    chlorid 

33).     Ammonium  hydroxide  is  first  form 

then  decomposed  into  ammonia  and  water. 

Ca(OH),  +  2NH,Cli=iCaCh  +  2NH*0H 
NH^OHs^tNH, +  H,0 

It  may  also  be  secured  by  heating  a  strong  aqueous  s 
of  ammonia. 

Ammonia  cannot  be  dried  by  either  sulfuric  acid  or  ( 
chloride,  since  it  forma  ammonium  sulfate  with  the  one 
compound,  CaCU-SNHj,  which  strongly  resembles  a  sa 
water  of  crystaUization,  with  the  other.  Unslaked  lime 
or  potassium  hydroxide  is  used  to  dry  the  ammonia. 


Fio.  33. 
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'sical  Properties. — Ammonia  ib  a  colorless  gaseous  sub- 
;  whose  molecular  weight  is  17.034.  It  has  a  very  strong 
cteristic  odor  which  is  familiar  to  everyone. 

Bolubility  in  water  is  exceedingly  great,  one  volume  at 

temperature  takes  up  800  times  its  volume,  or  0.6  of  its 
it  of  anmionia.     At  zero  degrees,  water  will  dissolve  even 

of  the  gas.  In  spite  of  the  great  solubility  of  ammonia, 
U  follows  Henry's  law  approximately,  especially  at  higher 
eratures. 

e  critical  pressure  of  ammonia  is  111  atmospheres,  and  ita 
al  temperature  is  132°.  It  may  therefore  be  liquefied  by 
ure  alone  at  ordinary  temperatures.  The  boUing-point  is 
5°.  It  is  a  colorless,  very  mobile  liquid  which  freezes  to  a 
!,  crystalline  solid  at  —77°.  The  density  of  the  liquid  at 
liling-point  is  0.677.  The  liquid  ammonia  is  a  very  good 
nt  indeed  for  many  substances,  including  a  large  number  of 
When  salts  are  dissolved  in  liquid  ammonia,  they  are 
ciated  very  much  as  they  are  in  water,  though  to  a  smaller 
se  at  any  given  concentration  than  when  dissolved  in  water, 
ons  travel  faster  in  ammonia  than  in  water,  so  that  solutions 
its  in  ammonia  are  often  better  conductors  of  electricity  than 
ouB  solutions  of  the  same  salts. 

juid  ammonia  is  a  very  common  article  of  commerce,  com- 
«d  in  strong  iron  cylinders.    The  greater  part  of  this  is 

in  plants  for  the  manufacture  of  ice  and  for  cold  storage. 
ise  for  such  purposes  depends  upon  the  fact  that,  like  all 
:  liquids,  it  absorbs  a  great  amount  of  heat  when  it  evapo- 
— ^the  "heat  of  vaporization"  as  it  is  called.    The  ammonia 

not  enter  into  the  ice  in  any  way,  but  is  simply  used  as  a 
er  of  heat  from  a  lower  to  a  higher  temperature.  Such  a 
!S8  is  not  a  spontaneous  one,  and  can  be  brought  about  only 
tie  expenditure  of  work.    The  process  may  be  briefly  out- 

aa  follows: 

le  gaseous  ammonia  is  compressed,  generally  by  a  steam 
Q  pump  (Fig.  34),  until  it  hquefies  in  a  coil  of  iron  pipes 
d  by  a  stream  of  water.  In  liquefying,  it  gives  out  to  the 
r  the  heat  of  condensation.  The  liquefied  ammonia  is  then 
ed  to  escape  into  another  coil  of  pipes,  called  the  expansion 
in  which  it  evaporates,  thereby  taking  up  from  its  sur- 
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roundings  the  heat  of  evaporation.  The  gaaeous  ammonia  pi 
back  from  the  expansion  coil  to  the  pump  where  it  is  re-c 
pressed  and  hquefied,  giving  up  the  heat  absorbed  in  evaporal 
It  then  passes  once  more  into  the  expansion  coil  and  so  is  I 
circulating  through  the  system.  The  expansion  coil  is  usu 
immersed  in  brine  which  is  cooled  by  the  evaporating  ammoni 
temperatures  below  the  freezing-point  of  water.  Manufacti 
ice  is  made  by  placing  cans  containing  about  200  lb.  of  disti 
water  in  the  brine  and  letting  them  stand  until  the  water  ii 
frozen.  The  ice  prepared  in  this  way  is  very  pure,  and  n; 
superior  to  most  natural  ice  for  domestic  purposes. 


FiQ  34 

As  was  mentioned  above,  the  ammonia  simply  serves  to  c 
the  heat  from  a  lower  to  a  higher  temperature  at  the  expeni 
the  work  done  by  the  engine  Any  other  very  easily  vol 
liquid  might  be  used  instead  of  the  ammonia,  and  several  o1 
have  been  so  employed 

Chemical  Properties  of  Ammonia  — When  ammonia  is  he 
by  electric  sparks  or  otherwise,  the  reverse  of  the  reaction  ft 
synthesis  (see  p.  193)  takes  place  and  it  is  largely  decomp 
into  its  elements.  The  decomposition  is  more  complete 
lower  the  pressure  and  the  higher  the  temperature. 

Ammonia  will  burn  in  oxygen  but  not  in  air.  It  burns 
a  pale  yellow  flame  forming  water,  nitrogen,  ammonium  ni 
NHiNOa,  and  ammonium  nitrate,  NH(NO|.  In  the  presen 
a  suitable  catalyzer,  platinum  for  example,  ammonia  will  : 
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a  moderate  rate  with  oxygen  of  the  air  to  form  nitric  acid. 
ua  is  the  basis  of  what  is  known  as  the  Oatwald  procesB  of 
tldng  nitric  acid. 

When  ammonia  is  paaeed  over  heated  copper  oxide  or  other 
nily  reducible  oxide,  the  metal,  water,  and  nitrogen  are  usually 


Vhen  dry  ammonia  is  passed  over  heated  potassium  or 
•dium,  hydrogen  and  potassium  or  sodium  amide,  KNHi  or 
piNHt  are  formed: 

2Na  +  2NH,  =  2NaNH,  +  H, 

The  most  prominent  chemical  property  of  ammonia  is  its 
■iality  to  combine  directly  with  acids  for  the  formation  of 
■Qmonium  salts.  For  example,  with  hydrogen  chloride,  it 
'ims  dense  white  fumes  of  ammonium  chloride : 

NH,  +  HClFiNH^CI 

'ith  other  acids  the  action  is  very  similar  as  shown  by  the 
Uowing  equations: 

2NH,  +  H,S04i=i(NHO»SO, 
NH,  +  HNO,  =  NH,NO, 

Cost  of  these  salts,  when  heated  to  a  sufEciently  high  tempera- 
ire,  break  down  into  ammonia  and  the  acid  from  which  they 
ere  formed,  just  the  reverse  of  the  above  process.  Ammonium 
.trate  and  nitrite  are  exceptions.  The  decomposition  of  am- 
onium  nitrite  into  nitrogen  and  water  has  already  been  given. 
he  nitrate  decomposes  into  nitrous  oxide,  N)0,  and  water, 

NH,NO,  =  N,0  +  2H,0 

When  ammonia  dissolves  in  water,  a  part  of  it  combines  with 
le  formation  of  ammonium  hydroxide,  NH4OH, 

NH,  +  H,OriNH,OH 

he  reaction  is  reversible,  »  j  only  a  portion  of  the  substances 
re  present  as  hydroxide,  a  ,  -  jgniperature  of  —  79°,  ammonium 
^droxide  may  be  prepare^  ^bi*«  crystalline  solid.     Another 

-ystalline  compound  of  ^^     ^^      -a  and  water  can  be  obtained  at 
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B  low  temperature.  It  has  the  composition  (NH4))0,  and  m 
be  called  ammonium  oxide.     Its  freezing-point  is  —79". 

Ammonium  hydroxide  is  a  weak  base  and  in  normal  eoluti 
18  dissociated  to  the  extent  of  about  0.4  per  cent.  The  ions  s 
hydroxyl  and  ammonium,  NHj*.  This  ammonium  ion  h 
many  properties  which  are  very  similar  to  those  of  the  potassiu 
ion. 

Upon  neutralizing  ammonium  hydroxide  with  acid  and  evapc 
ating  the  solution,  salts  are  obtained  which  are  identical  wii 
those  formed  by  direct  union  of  the  acids  and  ammonia.  The 
salts  like  other  salts,  are  highly  dissociated  when  diasolved  i 
water.  With  arjlutions  of  strong  bases,  they  at  once  react,  fori 
ing  undiBSociated  ammonium  hydroxide  which  then  breaks  do* 
into  the  ammonia  and  water  as  was  shown  in  the  discussion  oHb 
preparation  of  ammonia.  This  reaction  is  used  for  the  recopii 
tion  of  ammonium  compounds.  The  ammonia  is  detcctPi3  hyv 
action  on  wet  litmus,  by  the  white  fumes  formed  with  hydro 
chloric  acid,  and  even  by  its  odor. 

Ammonium  salts,  especially  the  sulfate  and  chloride,  are  muiJ 
used  as  fertilizers  to  supply  the  necessary  nitrogen  for  tb 
growth  of  plants.  The  greater  part  of  the  1,000,000  tons  o 
ammonium  salts  which  are  annually  produced  is  used  as  ferti]i«f 

An  excess  of  ammonia  reacts  with  chlorine  or  bromine  iomh 
ammonium  salts  and  nitrogen.  The  equation  for  the  readi"' 
with  chlorine  is  given  below;  that  for  bromine  is  similar: 

8NH,  +  3Clj  =  N,  +  6NH,C1 

Hypobromites  and  hypochlorites  act  upon  ammonia  in  sucb ' 
way  that  all  the  nitrogen  is  set  free  in  the  gaseous  state: 

2NH,  +  3NaBrO  =  3NaBr  +  3H,0  +  N, 

Hydrazine,— Hydrazine,  NjH,,  is  a  colorless  liquid  which  boi 
at  114°  and  freezes  at  1°.  It  combines  with  water  yielding 
hydrate,  NjHeO,  which  is  volatile  without  decomposition.  ' 
will  react  with  acids  with  the  formation  of  salts.  Two  serifS ' 
such  salts  are  known,  NiHbA  and  NtHeAi,  in  which  A  stands f( 
any  anion  carrying  one  negative  charge.  Hydrazine  is  tonoi 
by  the  reduction  of  nitrogen  compounds  and  ia  itself  a  very  stroi 
reducing  agent. 
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Hydronittic  Acid  or  Hydrazoic  Acid. — The  sodium  salt  of 
lydronitric  acid  or  hydrazoic  acid,  as  it  ia  often  called,  may 
le  prepared  by  the  action  of  nitrous  oxide,  NiO,  upon  sodium 
imide,  NaNHt: 

NaNHi  +  N,0  =  NaN,  +  H,0 

from  this  salt,  the  acid  is  prepared  by  distillation  with  dilute 
■ulfuric  acid.  It  is  a  colorless  liquid  with  a  strong  and  very  dis- 
■greeable  odor.  It  boils  at  37°  and  explodes  violently  on  contact 
>ith  hot  objects.  The  substance  sometimes  explodes  at  ordinarj- 
temperatures,  thus  making  it  very  dangerous  to  handle. 

It  is  a  rather  weak  acid  though  somewhat  stronger  than  acetic 
uaA.  Its  salts  resemble  the  chlorides  except  that  the  salts  of 
the  heavy  metals  are  explosive  and  the  difficultly  soluble  silver 
lalt  is  soluble  in  the  stroi^er  acids,  while  the  chloride  is  not. 

Air. — ^Air  is  a  mixture  of  a  rather  large  number  of  gaseous 
nibstances  and  in  addition  always  contains  some  floating  particles 
of  dust.  The  main  gaseous  constituents  which  are  present  in 
>lfflDSt  fixed  proportions  are  nitrogen,  oxygen  and  members 
of  the  argon  group;  in  addition,  it  contains  variable  amounts  of 
Water  vapor,  carbon  dioxide,  and  ammonia.  In  the  neighborhood 
of  dtiea  and  chemical  works  sulfur  dioxide,  hydrogen  sulfide, 
hydrochloric  acid  and  a  few  other  gases  are  found.  These  may 
^  regarded  as  impurities  and  neglected  in  the  discussion  of  air. 

The  quantity  of  carbon  dioxide  varies  from  about  3  to  4  parts 
per  10,000  in  the  air  of  the  country  to  6  to  7  parts  in  the  cities 
wd  in  badly  ventilated  rooms  may  run  up  to  50  parts.  This 
<^boQ  dioxide  ia  formed  during  the  burning  or  decay  of  any 
<^bonaceous  materials,  and  is  also  given  off  during  the  breathing 
of  animala.  It  is  however  taken  up  by  green  plants,  and  with 
'he  aid  of  the  energy  absorbed  from  the  light  of  the  sun,  is  utilized 
^  building  up  the  various  plant  tissues,  oxygen  being  set  free 
*'  the  same  time.  This  tends  to  keep  the  carbon  dioxide  content 
'^  the  air  approximately  constant. 

Composition  of  the  Air. — The  quantity  of  water  vapor  present 
''I  the  air  is  so  variable  that  no  definite  statement  concerning 
it  can  be  made,  but  the  composition  of  dry  air  is  shown  in  the 
'oUowing  table: 


GENERAL  CHEMISTRY 


Dry  Air  contains: 

Per  cubic  meter 

781.3  liters  iiitrugMi 

209.9  liters  oxygen 

9.4  litera  argon,  etc 

0.3  liters  carbon  dioxide. 

0.1  liters  liydrogen.     . . 


Per  kilogram 

.  755.14  grm. 

231.47  grm. 

12.92  grm. 

0,46  grm. 

0,01  grni. 


The  term  argon,  etc.,  includes  ,  helium,  neou,  krypton  and 

xenon. 

In  spite  of  the  many  factors  v  tend  to  change  the  composi- 

tion of  the  air,  the  winds  proiiut^  .  uch  a  thorough  mixing  tbit 
its  composition  remains  practic  fixed,  although  measurable 
variations  do  occur. 

The  density  of  dry  air  is  0.0(  under  standard  conditioDS. 

In  contact  witii  water,  each  goo  ssolvea  in  proportion  corre- 
sponding to  its  aolufjility  and  its  partial  pressure  as  described  by 
Henry's  law.  The  solubility  of  oxygen  is  so  much  greater  than 
that  of  nitrogen  that  in  spite  of  its  smaller  partial  pressure  rela- 
tively more  oxygen  than  nitrogen  dissolves. 

Liquid  Air. — The  critical  temperature  of  air  is  — 140°  and  its 
critical  pressure  about  39  atmoHpheres.  Liquid  air  boils  from 
— 194°  to  — 185°  according  to  its  composition,  and  when  first  pre- 
pared contains  from  28  to  50  per  cent,  of  oxygen.  As  it  stands, 
the  nitrogen  (boiling-point  —195°)  tends  to  pass  off  firsl  and 
leaves  the  oxygen  (boiling-point  — 182.5°)  behind.  This  is  made 
the  basis  of  very  practical  methods  for  obtaining  both  oxygen 
and  nitrogen  from  the  air  sufficiently  pure  for  many  commercial 
purposes.  Liquid  nitrogen  has  a  smaller  density  than  that  of 
water,  while  the  reverse  is  the  case  with  liquid  oxygen.  liquid 
air  when  freshly  prepared  is  specifically  lighter  than  water,  but 
on  partial  evaporation  becomes  heavier.  The  color  also  chai^ 
from  practically  colorless  to  the  blue  of  liquid  oxygen. 

To  liquefy  air  it  is  first  partially  freed  from  carbon  dioxide  by 
slaked  lime,  and  then  compressed  to  150  to  200  atmospheres. 
A  great  deal  of  heat  is  developed  in  this  process  bo  the  gas  is 
cooled  to  ordinary  temperatures  by  water  in  the  jackets  around 
the  compressor  {Fig.  35),  and  by  passing  it  through  a  coil  8U^ 
rounded  by  water.  The  greater  part  of  the  water  vapor  in  the 
air  condenses  at  this  high  pressure  and  the  remainder  tc^ther 
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^h  the  rest  of  the  carbon  dioxide  is  removed  by  potassium 
droxide.  The  purified  highly  compressed  air  then  enters  the 
uefier  at  the  temperature  of  the  room.  The  liquefier  consists 
a  coil  of  very  small  copper  tubing  carrying  at  its  lower  end  a 
Ive  for  controlling  the  flow  of  the  air.  The  whole  is  inclosed 
a  metal  jacket  and  thoroughly  insulated  from  its  surroundings 
wool.  Through  the  copper  tube,  the  air  flows  in  a  continuous 
'earn  and  as  it  escapes  from  the  valve  at  the  lower  end  of  the 


^oQ,  it  becomes  somewhat  cooler.  By  the  construction  of  the 
*P!)aratu8,  this  cooled  air  is  compelled  to  pass  up  over  the  coil 
"lereby  cooling  it  together  with  the  oncoming  air  which  reaches 
"■e  valve  at  a  lower  temperature  than  the  first  of  the  stream,  and 
">  expanding  becomes  still  cooler  and  in  turn  lowers  the  tempera- 
*fe  of  the  coil.  This  process  goes  on  until  a  few  minutes  after 
i^rting  the  machine  the  temperature  has  been  so  far  lowered 
Qat  about  5  per  cent,  of  the  air  issuing  from  the  expansion  valve 
'  liquefied.  The  rest  is  returned  to  the  machine,  recompressed 
Id  sent  around  the  cycle  once  more.  In  large  plants  part  of  the 
>oling  is  accomplished  with  carbon  dioxide  and  ethylene. 
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The  liquid  air  must  not  be  corked  up  and  will  evaporate 
rapidly  as  it  can  get  the  necessary  heat,  bo  after  it  is  obtainett 
is  preserved  in  double-walled  vacuum-jacketed  veasela  which  a 
UBually  coated  on  the  inside  of  the  walls  with  silver.  Sui 
vessels  are  very  good  heat  insulators  indeed. 

Liquid  air  on  account  of  its  low  boiling-point  is  an  exceeding 
useful  substance  for  investigations  at  low  tem[)eratures. 

EqterimeDts. — Many  interesting  and  striking  experimen 
may  be  performed  with  liquid  air.  These  depend  essenliall 
upon  two  properties;  first  that  it  has  a  very  low  boiling-poiu 
and  second  that  it  is  a  source  of  oxygen.  When  pooled  to  tli 
temperature  of  liquid  air,  most  of  the  familiar  gases  sucb  a 
chlorine,  hydrogen  chloride,  hydrogen  bromide,  ammonia,  aiiUn 
dioxide,  methane  and  hydrogen  sulfide  become  odorless  aolidi 
Liquids  such  as  alcohol  and  kerosene  freeze,  and  rubber  becoow 
as  brittle  as  glass  and  may  be  easily  pulverized  in  a  morln 
Metals  such  as  copper  and  steel  become  a  third  stronger  towsr 
a  steady  pull,  but  break  readily  under  a  quick  blow.  Cryatsllis 
metals,  on  the  other  hand,  are  distinctly  weaker  in  every  wsyi 
this  low  temperature.  The  heat  absorbed  during  the  evapon 
tion  of  1  grm.  of  liquid  air  plus  the  heat  required  to  warm  tt 
gaseous  air  to  0°  is  about  80  cal.,  so  the  cooling  effect  of  a  pouD 
of  liquid  air  in  a  refrigerator  would  be  about  equal  to  that  of 
pound  of  ice. 

When  hquid  air  boils,  the  nitrogen  goes  off  faster  than  tl 
oxygen,  and  after  a  time  almost  pure  liquid  oxygen  is  \^ 
This  furnishes  oxygen  of  such  concentration  that  charcoal  ' 
steel  will  burn  with  exceeding  brilliancy  in  the  hquid.  CotM 
or  charcoal  wet  with  just  the  proper  amount  of  oxygen  to  co" 
plete  the  combustion  will  explode  when  set  off  with  a  mercuJ 
fulminate  cap  with  the  violence  of  an  equal  weight  of  dynanut 
Aluminum  powder  made  into  a  paste  with  liquid  oxygen  ^ 
burn  with  a  blinding  flash  upon  contact  with  a  flame,  and  tl 
temperature  of  the  mass  is  changed  in  a  small  fraction  of 
second  from  183°  below  to  something  hke  3,000°  above  «ero. 

Air  is  a  Mixture. — That  air  is  a  homogeneous  mixture  and  "i 
a  chemical  compound  is  shown  by  several  arguments. 

1.  Nitrogen  and  oxygen  may  be  mixed  in  the  proportioD 
which  they  are  present  in  the  air,  and  no  heat  effect  will  resii 
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)  changes  in  volume,  nor  any  other  evidence  of  chemical  trans- 
rmation  and  yet  the  mixture  behaves  like  air  in  every  respect. 

2.  The  composition  of  the  air  varies  while  that  of  a  compound 
perfectly  fixed. 

3.  Relatively  more  oxygen  than  nitrogen  is  dissolved  by 
ater,  while  a  compound  dissolves  as  a  whole,  without  any 
lange  in  the  proportions  of  the  components. 

4.  The  properties  of  the  air  are  a  mean  of  the  properties  of  its 
>mponents,  which  would  not  be  true  if  it  were  a  compound. 

5.  The  separation  of  the  gases  by  liquefaction  and  fractional 
ietillation  indicates  a  mixture. 

Air  and  Life. — Oxygen  is  absolutely  indispensable  for  the  con- 
Jiu&nce  of  all  forms  of  animal  life.  The  purely  aquatic  forms  get 
tieir  oxygen  from  air  dissolved  in  the  water,  while  the  rest  breathe 
be  air  directly.  We,  for  example,  take  in  about  half  a  Uter  of 
ii  at  each  breath,  and  remove  from  this  about  5  per  cent,  of  the 
^gen,  giving  to  it  about  3.7  per  cent,  of  carbon  dioxide.  The 
litrogen  is  unchanged.  The  oxygen  taken  up  in  the  lungs 
ugely  enters  into  a  loose  combination  with  a  substance  called 
'emoglobin  in  the  red  corpuscles  of  the  blood  and  is  carried  to 
'U  parts  of  the  body,  gradually  oxidizing  the  various  body 
nbstances,  chieSy  to  carbon  dioxide,  water,  and  fairly  simple 
impounds  of  carbon,  nitrogen,  hydrogen,  and  oxygen.  The 
ubon  dioxide  is  largely  given  up  by  the  blood  to  the  air  upon 
^  return  to  the  lungs.  The  oxidation  of  these  substances  is  the 
ouTce  of  the  body  heat,  and  of  the  energy  which  we  spend  as 
'ork. 

Oxides  and  Ozyacids  of  Nitrogen. — There  are  five  oxides  of 
litrogen.  Three  of  these  are  anhydrides  of  acids.  The  names 
'Od  formulas  of  these  oxides  are  given  in  the  following  table  with 
^  names  and  formulas  of  the  acids  opposite  their  anhydrides. 

"tnmg  oxide  or  hypo- 

xitnmi  anhydride N,0  Hyponitrous  acid .   H|NiOi 

'jWc  oride NO  

''ttDgen      trioxide      or 

^■ttoaa  anhydride N  lOi  Nitrous  acid HNOi 

'ilMgen  peroxide NO,  or  N,Oi     

'i'nceii    peotoude    or 

■uttit  auhjrdride NiOi  Nitric  acid UNOi 
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Nitric  Acid. — Nitric  acid,  the  moat  important  of  the  ojtyaci 
does  not  occur  free  in  nature,  but  its  salts  are  present  in 
fertile  soib.  Potassium  nitrate,  KNO»,  has  been  known 
centuries  under  the  name  of  saltpeter.  The  sodium  salt,  XaN 
occurs  in  great  deposits  in  the  desert  regions  of  Chile,  and  hei 
is  called  Chile  saltpeter.  Enormous  quantities  of  this  i 
extracted  and  shipped  all  -  le  world  for  use  in  prepari 
other  nitrogen  compounds,  arri       a  fertilizer. 

Under  the  influence  of  el  1  discharges  nitrogen,  oxyp 

and  water  will  combine  for  tne  mation  of  nitric  acid,  and  th 
together  with  the  am  f         air,  is  doubtless  the  source 

the  ammonium  nitrnt  q  rain  water. 

Certain  forms  of  '^nsi  »<e  able  to  convert  ammoniaai 

nitrogenous  organic  s  'es     ito  nitric  acid  the  latter  th 

reacts  with  the  calcium  carbor  e  of  the  soil  to  form  caleiii 
nitrate,  Ca{NOj),. 

Nitric  acid  is  prepared  by  the  first  general  method  by  distilU 
sodium  nitrate  with  sulfuric  acid  in  cast-iron  retorts.  Edou 
sulfuric  acid  is  used  to  make  the  sodium  acid  sulfate  which 
either  sold  as  such  or  heated  with  sodium  chloride  to  make  bydi 
chloric  acid  and  the  neutral  sulfate. 

NaNO,  +  H1SO4  =  NaHSO.  +  HNO, 

Pure  nitric  acid  is  a  colorless  liquid  having  a  density  of  1. 
at  15°.  It  boils  at  86°.  It  gradually  decomposes,  especia 
under  the  influence  of  light  into  oxygen,  water,  and  oxides 
nitrogen,  which  color  the  acid  yellow.  The  addition  of  wa' 
makes  the  acid  much  more  stable.  The  conductivity  of  the  pi 
solution  is  much  greater  than  that  of  the  pure  acid  which  indica 
that  the  water  has  changed  the  acid  into  ions.  This  may  accoi 
for  the  increased  stability.  As  water  is  added  to  the  acid,  i 
boiling-point  gradually  rises  until  when  a  68  per  cent,  acid 
formed,  the  boiling-point  reaches  a  maximum  at  120°.  The 
lations  here  are  very  similar  to  those  between  hydrochloric  a 
and  water. 

Chemical  Properties  of  Nitric  Acid. — The  chief  chemical  pn 
erties  of  nitric  acid  depend  upon  the  fact  that  it  is  both  a  strc 
acid  and  very  powerful  oxidizing  agent. 

As  an  acid  it  is  as  strong  as  any,  being  as  highly  dissocial 
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into  its  ions  at  any  given  dilution  as  hydrochloric  acid.  Conse- 
quently it  is  able  to  do  anything  that  depends  upon  the  concen- 
tration of  the  hydrogen  ions,  which  any  other  acid  can  do. 

As  will  be  recalled,  the  ordinary  reaction  between  an  acid  and 
a  metal  whereby  the  metal  is  dissolved  and  hydrogen  is  liberated 
IB  regarded  as  taking  place  between  the  metal  and  the  hydrogen 
ion,  and  as  consisting  of  the  oxidation  of  the  metal  to  its  ion  and 
the  reduction  of  the  hydrogen  ion  to  the  free  element.  For  ex- 
,  Ample,  in  that  between  zinc  and  hydrochloric  acid,  the  chlorine 
ion  is  considered  to  take  no  part,  the  entire  reaction  being 
between  the  zinc  and  the  hydrogen  ion, 

Zn  +  2H+  +  2C1-  ?i±  Zn++  +  2C1-  +  H2 

or,  leaving  out  the  idle  chlorine  ion, 

Zn  +  2H+?:±Zn++  +  H2 

Nitric  acid  being  a  strong  acid  its  hydrogen  ion  is  aB  well  able  to 
oxidise  metals  as  hydrochloric  and  in  addition,  because  of  its 
being  a  nitrate,  nitric  acid  is  able  to  oxidize  and  dissolve  copper, 
niercury,  and  silver  which  hydrochloric  cannot  do.  It  cannot  be 
too  strongly  emphasized  that  in  the  case  of  these  last-mentioned 
naetals  hydrogen  is  not  given  oflF,  but  in  its  place  nitric  oxide  ap- 
pears. The  nitrogen  in  nitric  acid,  in  which  it  has  a  valence  of 
p  positive,  has  a  great  tendency  to  pass  into  nitric  oxide  in  which 
it  has  a  valence  of  2  positive,  and  in  so  doing  exerts  a  very  power- 
'^  oxidizing  action,  much  more  so  than  the  hydrogen  ion  and 
^oaequently  is  able  to  oxidize  copper,  mercury  and  silver  which 
hydrogen  as  ion  cannot  do.  The  equation  for  the  action  on  cop- 
ier is  as  follows: 

3Cu  +  8HNO3  =  3Cu(N0,)a  +  2N0  +  4H2O. 

^  the  discussion  of  the  halogens,  it  was  pointed  out  that  con- 
^iitrated  sulfuric  acid  is  a  rather  powerful  oxidizing  agent, 
^t  is  much  stronger  than  the  hydrogen  ion  and  will  oxidize 
fopper,  mercury,  and  silver  to  their  ions.  As  with  nitric  acid, 
hydrogen  gas  is  not  evolved,  but  an  oxide,  sulfur  dioxide  in  this 
^,  is  given  off.  Here  again  we  have  a  change  in  valence,  for 
the  sulfur  in  sulfuric  acid  is  6  positive  and  in  sulfur  dioxide  4 
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positive.  The  equation  for  the  reaction  between  sulfuric  acid 
and  copper  is : 

Cu  +  2H,S0,  =  CuSO,  +  SO,  +  2H,0 

Ab  has  been  pointed  out,  a  change  of  valence  such  as  we  hava 
just  mentioned  is  an  essential  accompaniment  of  oxidation. 

Gold  and  platinum  are   iized  by  nitric  acid  in  the 

absence  of  chlorine  as  ion,  sfore  this  acid  is  used  in  the 

refining  of  these  metals  to  the  silver,  etc.,  with  which 

they  may  be  alloyed.     Becau'  the  vigor  of  its  action  tm 

metals,  nitric  acid  was  formi  ed  aqua  fortia. 

Id  addition  to  its  use  as  indi  i  above,  nitric  acid  is  lai^? 
employed  in  the  laboratory  an*.-  the  manufacture  of  nitratfs, 
dyestuffs,  sulfuric  acid,  nitrogly         le,  guucotton,  etc. 

Aqua  Regia. — Aqua  regia  is  a  mixture  of  nitric  and  hydro- 
chloric acids,  and  is  capable  of  attacking  gold  and  platinum, 
metals  which  do  not  dissolve  in  either  of  these  acids  alone.  The 
action  is  not  due  to  aqua  regia's  being  primarily  a  stronger  oxi- 
dizing agent  than  the  nitric  acid  but  to  the  fact  that  the  chlorides 
of  gold  and  platinum  are  much  more  stable  than  their  nitratefl 
and  in  aqua  regia,  the  chlorides  of  the  metals  may  be  formed. 
This  increased  stability  of  the  chloride  over  the  nitrate  materifllly 
assists  in  the  oxidation  of  the  metals  and  is  enough  to  enable  the 
nitrate  to  do  the  work,  but  not  sufhcient  to  cause  the  hydrogen 
ion  from  hydrochloric  acid  to  oxidize  the  gold  or  platinum. 

Aqua  regia  received  its  name  long  ago  when  the  alcheouEU 
found  that  it  was  a  solvent  for  gold  which  they  considered  to  be 
the  king  of  metals. 

When  aqua  regia  is  heated  alone,  it  gives  oS  chlorine  and 
compounds  of  nitrogen,  oxygen,  and  chlorine;  one  of  these  i> 
nitrosyl  chloride,  NOCI. 

Nitrates. — Nitric  acid,  as  is  indicated  by  its  formula,  is  a  mono- 
basic acid  and  yields  only  one  series  of  salts,  the  nitrates.  Then 
are  formed  by  the  action  of  the  acid  upon  the  metals  or  bases. 

These  salts  are  all  readily  soluble  in  water.  The  nitrates  aK 
decomposed  rather  easily  at  elevated  temperatures,  generally 
giving  oxygen,  oxides  of  nitrogen,  and  the  oxide  of  the  metal 
Most  of  the  applications  of  nitrates  depend  upon  their  action  as 
oxidizing    agents.     When    heated    with    charcoal    they    often 
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late.  Potassium  nitrate,  charcoal,  and  sulfur  in  the 
iT  proportions  constitute  gunpowder. 
tro  Compounds. — Very  concentrated  nitric  acid  acts  upon 
wunds  of  carbon  and  Iiydrogen  forming  nitro-compounds 
water.  For  example,  nitric  acid  and  benzene,  C|H(,  react 
he  formation  of  nitrobenzene,  CeHjNOi,  and  water. 

CJI,  +  HNO,  =  C  JItNO,  +  H,0 

group  NOi  is  known  as  the  nitro  group.  The  water  formed 
le  reaction  is  detrimental,  so  concentrated  sulfuric  acid  is 
id  with  the  nitric  acid  to  take  up  this  water. 
cohoU  (carbon,  hydrogen  and  oxygen  compounds  contuning 
'Oxyl)  react  with  nitric  and  sulfuric  acids  for  the  formation 
impoimds  which  in  their  formulas  are  similar  to  nitrates,  but 
h  are  not  salts.  Glyceryl  nitrate  or  nitroglycerine,  CtHt- 
j)i,  is  formed  by  the  action  of  this  misture  of  acids  upon  an 
lol  called  glycerine,  C|Ht(OH),: 

C,H»(OH),  +  3HN0,  =  C,Hi(NO,),  +  3HiO 
Itrogen  Pentozide. — Nitrogen  pentoxide  N|Oi  is  a  colorless, 
ile,  very  volatile  liquid  which  soon  passes  over  into  a  white 
talline  solid,  melting  at  30°.  It  is  made  by  distilling  a 
>ure  of  phoaphoruB  pentoxide  and  nitric  acid.  It  ia  the 
rdride  of  nitric  acid. 

itric  Oxide. — Nitric  oxide,  NO,  is  formed  by  the  action  of 
iwhst  dilute  nitric  acid,  sp.  gr.  1.2,  upon  copper,  as  shown 
le  following  equation: 

3Cu  +  8HN0,  -  3Cu(N0,),  +  2N0  +  4H,0 
gaa  80  obtained  is  never  pure,  since  it  always  contains  some 
)UB  oxide,  NfO,  and  often  nitrogen. 

tie  pure  oxide  may  be  obtained  by  adding  nitric  acid  to  a 
ng  solution  of  ferrous  sulfate,  FeSO*,  in  dilute  sulfuric  acid, 
equation  is  as  follows: 

■eS04  +  SH^O.  +  2HN0i  -  3Fe.(80*).  +  2N0  +  4H,0 
ferrous  sulfate  is  oxidized  to  ferric  sulfate,  FeiCSOOi,  and 
nitric  add  reduced  to  nitric  oxide. 
rq)ertie8  of  ITitric  Oxide. — Nitric  oxide  is  a  cok" 
Be  molecular  weight  is  30  con-eaponding  to  its  for 
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It  IB  only  sligiitly  soluble  in  water.  The  critical  temperature  d 
the  gas  is  —93",  and  its  boiling-poiut  is  — 150.2",  So  it  is 
like  the  so-calii'd  permanent  gases,  oxygen,  hydrogen,  etc.,  than 
most  of  the  gaseous  substances  which  wc  have  been  diBcusaing. 

Nitric  oxide  is  the  most  stable  toward  heat  of  the  oxides  at 
nitrogen.     Even  when  heated  to  a  temiK?rature  of  2,000° 
about  1  per  cent,  of  it  is  d.     In  fact  it  is  formed  from 

its  elements  at  very  high  u^,-"  res,  and  may  be  obtained  bj 
passing  the  electric  spark  thro  r.     This  is  made  the  biisis 

a  successful  mclhod  [or  the  p  ion  of  nitric  acid  and  nitrit 

on  a  commercial  scale  as  will  l.         ilaiued  later. 

Briskly  buniitig  wood    r  ph(  tib  continues  to  burn  in  nilrif 

oxide.     The  flame  is  a^.  ^  .      ht  as  when  the  combiiatioil 

takes  place  in  oxygen.  ...  ot...  '  burning  Bubstances,  for  i 
ample  a  candle  or  sulfur,  aic  exti^-guished.  Since  the  beat 
formation  of  nitric  oxide  is  —90  Kj.  considerable  heat  is  evolved 
in  its  decomposition,  and  a  given  quantity  of  a  substance  like 
phosphorus  burning  in  NO  will  liberate  more  heat  than  if  it  had 
burned  in  oxygen. 

Nitric  oxide  combines  directly  with  oxygen  at  ordinary  tem- 
peratures, fomting  the  reddish-brown  nitrogen  peroxide,  Nd; 

2N0  +  Oi  =  2N0, 

This  nitrogen  peroxide  is  at  once  formed  whenever  the  nitric 
oxide  comes  in  contact  with  the  air,  consequently  it  is  impos^bte 
to  say  anything  about  the  odor  of  nitric  oxide. 

Nitric  oxide  is  soluble  in  solutions  of  ferrous  salts  with  the 
production  of  a  dark  brown  solution  containing  FeNO^,  From 
this  solution  the  oxide  is  driven  out  by  heating  to  the  boiling- 
point.  In  this  way  pure  NO  may  easily  be  obtained  from  mix- 
tures with  other  gases,  since  the  latter  are  either  not  absorbed  in 
the  first  place  or  are  retained  when  the  solution  is  boiled. 

The  formation  of  this  dark  colored  solution  may  be  utiUsed  as  & 
test  for  nitric  acid,  a  nitrate,  or  in  general  any  oxygen  compound 
of  nitrogen  higlu^r  than  nitric  oxide.  The  equation  for  the  reduc- 
tion of  nitric  acid  to  nitric  oxide  is  given  on  page  207. 

Nitrogen  Peroxide. — Nitrogen   peroxide  as  has  already  been 
mentioned  is  formed  by  the  direct  union  of  oxygen  and  niti 
oxide.    It  may  also  be  prepared  by  heating  certain  nitratt 

I 


ead  nitrate,  for  example,  decomposes  to  give  nitr<^n  peroxide, 
xygen,  and  lead  oxide,  as  shown  by  the  following  equation: 

2Pb(N0,)i  =  4N0,  +  0,  +  2PbO 

U  condenses  to  a  yellowish-red  liquid  which  boils  at  22°  and  at 
ow  temperatures  freezes  to  an  almost  colorless  solid,  melting  at 
-12°. 

The  molecular  weight  of  the  gaseous  compound  varies  with  the 
tOQditions  of  temperature  and  pressure  under  which  it  is  de< 
ermined.  At  low  temperatures  and  rather  high  pressures  it  is 
tearly  92,  corresponding  to  a  formula  for  the  compound  of  NjO«. 
*  the  temperature  is  raised  and  the  pressure  diminished,  the 
lolecular  weight  gradually  falls  until  it  reaches  a  limit  of  46, 
^rresponding  to  the  formula  NOt.  This  change  from  one 
>rm  to  the  other  is  accompanied  by  a  marked  change  in  color. 
Lt  rather  low  temperatures  the  gas  has  a  yellow-brown  color, 
B  the  temperature  is  rasied  it  becomes  darker  and  darker 
ntil  at  154"  it  has  reached  such  a  deep  black-red  that  it  is  almost 
paque,  even  in  thin  layers. 

When  nitrogen  peroxide  is  heated  above  154°,  it  gradually 
JSea  its  dark  color  as  the  temperature  rises,  and  finally  becomes 
oloriess.  This  color  change  is  due  to  the  transformation  of 
lOi  into  NO  and  oxygen. 

2N0.  ^  2N0  +  O, 

'his  decomposition  becomes  practically  complete  at  620°. 
Nitrogen  peroxide  reacts  with  water  to  form  nitric  acid  and  NO, 

3N0,  +  H,0  =  2HN0,  +  NO 

n  the  presence  of  air,  NO  will  pass  into  NOt,  which  in  turn  will 
onn  more  nitric  acid.  So  the  reaction  of  Nd,  air,  and  water  will 
iltimately  yield  the  whole  of  the  nitrogen  in  the  form  of  nitric 
uid. 

4N0,  +  Oi  +  2HtO  =  4HN0a 

Nitric  Acid  from  the  Air. — When  air  is  passed  through  an 
lectric  arc,  its  temperature  becomes  extremely  high,  and  a 
tnall  quantity  of  nitrogen  and  oxygen  unite  to  form  nitric  oxide. 
Chen  thifl  has  cooled  sufficiently,  it  unites  with  oxygen  *-  *  -m 
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nitrogen  peroxide;  which  then  will  react  with  wat«r  and  oi; 
as  shown  in  the  preceding  section  to  form  nitrio  acid.  1 
procees  has  recently  become  of  great  importance  and  is  car 
out  at  many  places,  but  one  of  the  largest  plants  is  at  Notodc 
Norway.  Hei-e  the  arc  is  formed  by  a  high  potential  altemal 
current  between  copper  electrodes  which  are  placed  at  ri 
angles  to  the  poles  of  a  powerful  electromagnet.  Under  ih 
conditions  the  arc  is  forced  to  move  rapidly  alternately  up  i 
down  according  to  the  direction  of  the  current  so  that  it  appe 
to  form  a  flat  disc  of  electric  flame  (Fig.  36)  through  which 
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air  passes.  The  oxides  of  nitrogen  formed  are  taken  up 
water  in  towers  similar  to  the  Glover  or  Gay  LuBsac  towers,  i 
the  nitric  acid  is  either  concentrated  and  used  in  this  form 
is  converted  into  calcium  nitrate  by  letting  it  act  upon  sla 
lime. 

The  calcium  nitrate  is  a  good  fertilizer  and  is  put  on  the  mai 
at  a  low  enough  price  to  compete  with  the  Chile  saltpeter. 

Nitrites. — When  potassium  or  sodium  nitrates  are  hea 
especially  in  the  presence  of  a  reducing  agent  like  lead,  they 
one  atomic  weight  of  oxygen  per  mole  and  are  changed  i 
nitrites, 

NaNO,  +  Pb  =  NaNO,  +  PbO 

When  an  acid  is  added  to  a  strong  solution  of  a  nitrite, 
nitrous  acid  formed  breaks  up  immediately  into  water  and  nib 
anhydride,  NtOt)  but  the  latter  at  once  almost  completely 
composes  into  nitrogen  peroxide  and  nitric  oxide, 
2HN0»  T±  H,0  +  N,0, 
NiOi  T±  NO,  +  NO 
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1  this  way  a  mtrite  is  easity  distinguiBhed  from  a  nitrate,  since 
le  nitrogen  peroxide  ie  bo  highly  colored. 

Nitrous  acid  ozidices  good  reducing  agents  while  it  is  itself 
iodised  by  strong  oxidizing  agents.  For  example,  it  oxidises  HI, 
■d  reduces  potassium  permanganate,  EMnO*.  The  nitrites 
R  largely  used  in  the  manufacture  of  organic  dyes. 
mtrous  Anhydride. — Beades  the  method  just  given  for  the 
Ination  of  nitric  oxide  and  the  peroxide  in  the  preparation  of 
troufl  anhydride,  this  same  mixture  may  be  obtained  by  heating 
Benic  trioxide,  AsiOi,  with  nitric  acid  having  a  density  of  1.30 

1.35.  The  arsenic  trioxide  is  oxidized  to  the  pentoxide,  AsiOt, 
id  the  nitric  acid  reduced  to  nitrous  which  at  once  breaks  down 
to  water  and  the  mixture  of  the  two  oxides.  This  mixture  of 
« two  oxides  may  be  condensed  by  a  freezing  mixture  to  a  dark- 
ue  liquid  which  boils  at  3.6°.    If  the  liquid  is  completely  dried, 

may  then  be  vaporized  without  dissociating.  So  dry  nitrous 
ihydride,  NiOj,  can  exist  while  the  moist  compound  cannot. 

Hyponitrites  and  Hyponitroiu  Add. — Sodium  hyponitrite, 
aiNiOi,  may  be  made  by  reducing  sodium  nitrite  with  sodium 
[oalgam.  From  this  hyponitrous  acid  may  be  made.  It  is  a 
did  which  decomposes  irreversibly  into  water  and  nitrous  oxide 
[|0;  hence  the  latter  is  often  called  hyponitrous  anhydride. 

mtrons  Oxide. — Nitrous  oxide  is  readily  prepared  by  heating 
mmonium  nitrate,  which  decomposes  into  this  substance  and 
uter, 

NH«NO,  =  N^  +  2H,0 

t  is  a  colorless  gaseous  substance  which  has  a  faint  odor  and  is 
lirly  soluble  in  cold  water.  At  room  temperatures,  water  will 
Sastdve  about  its  own  volume  of  the  oxide.  Its  critical  pressure 
I  75  atmospheres  and  its  critical  temperature  +  36';  so  it  is 
Mily  hquefied  by  presBure  alone  at  ordinary  temperatures.  The 
boling-^int  is  —90°.  The  molecular  weight  of  the  oxide  is 
M  and  its  'ormula  NiO. 

Nitrous  raride  parts  with  its  oxygen  rather  more  readily  than 
Bitric  oxide  so  that  it  will  not  only  continue  to  support  com* 
bastion  (rf  bristly  bttming  wood  as  nitric  oxide  does,  but  will  even 
cause  a  Rowing  iqdinter  to  burst  into  flame.  Briskly  btuninf 
Pho^umOB  and  sotfur  will  al«o  continue  to  burn  rigoromtr  i^ 
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nitrouB  oxide.     In  all  cases,   oxides   nre  formed   and   nilrogfl 
set  free. 

Nitrous  oxide  when  breathed  produces  insensibility,  and  hem 
it  is  used  as  nn  anesthetic.  The  body  doea  not  decompose  rt 
nitrous  oxide  in  such  a  way  as  to  utilize  the  oxygen,  so  wha 
it  Is  to  be  breatlied  for  any  lenirth  of  time,  it  is  raised  with  di 
amount  of  oxygen   required  upport  life.     For  iise  as  a 

anesthetic,  very  pure  nitrous        de   is  put  on   the  market  i 
the  liquid  form  In  strong  iron  i        ders. 

Nitrogen  and  Life. — Comjiuu  ds  of  nitrogen  are  alw»j 
present  in  all  living  nrganiams.  1  ley  are  especially  abundant 
the  brain,  ncrvos,  and  muscles,  or,  in  short,  in  the  tissues  wbii 
seem  to  be  most  closely  connect  ad  with  the  vital  functiou 
Most  oi^aniams  are  entirely  un  to  make  any  use  of  the  grd 
store  of  free  nitrogen  in  the  air,  but  must  get  it  from  rpai); 
formed  compounds.  The  plants  as  a  rule  get  theirs  from  tt 
nitrates,  etc.,  which  are  present  in  the  soil,  while  the  animal 
obtain  the  compounds  directly  or  indirectly  from  the  plants. 

Upon  the  decay  of  these  organisms  a  portion  of  the  nitrogen  il 
liberated  in  the  free  state.  From  this  it  would  seem  that 
supply  of  available  nitrogen  compounds  must  be  continually 
decreasing.  However,  there  arc  two  important  natural  processa 
going  on  which  tend  to  keep  up  the  supply  of  nitrogen  compound 
available  for  plants.  The  first  of  these  is  the  forraatioD  d 
nitric  oxide  during  the  passage  of  lightning  through  the  air,  Tbs 
oxide  is  then  transformed  into  nitric  acid  by  the  action  of  oxj'gen 
and  water.  This  combines  with  the  ammonia  of  the  air  to  form 
ammonium  nitrate  which  is  carried  by  the  rain  into  the  soil.  Thel 
second  process  takes  place  with  the  aid  of  certain  forms  of  baM 
teria.  Some  forms  ai^  free  in  the  soil,  but  the  most  efficient  liv«] 
in  tubercules  on  the  roots  of  leguminous  plants  such  as  clover,! 
peas,  alfalfa,  etc.  These  bacteria  have  the  power  to  transfonw 
the  free  nitrogen  of  the  air  into  compounds  which  are  closdfl 
related  to  the  albumins,  and  which  may  be  easily  assimilated  bj^ 
the  plant.  Such  plants  will  grow  and  produce  abundant  cropB^ 
and  yet  leave  in  the  soil  an  increased  amount  of  nitrogen  oom^ 
pounds.  This,  then,  is  the  explanation  for  the  well-known  farff 
that  the  fertility  of  certain  soils  may  lie  restored  by  growing  upoo 
them  these  leguminous  plants.     In  the  older  parts  of  the  countrjj 
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is  the  custom  of  farmers  to  raiae  a  crop  of  such  plants  on 
:h  portion  of  cultivated  land  about  once  in  three  yeara.  The 
mers  of  the  West  will  doubtless  have  to  adopt  this  same  custom 
the  course  of  time,  if  they  continue  to  remove  everything  from 
e  land  and  return  nothing  to  it,  and  to  burn  the  stalks  and 
raw  as  so  many  do  at  present. 

Id  addition,  aa  has  been  mentioned,  the  compounds  of  ammonia 
lich  are  obtained  in  the  manufacture  of  coal  g&s  and  coke,  as 
^U  as  the  calcium  cyanamide  and  calcium  nitrate  which  are 
ng  made  from  the  nitrogen  of  the  air  are  available  as  fertiUzers. 
there  seems  to  be  no  danger  that  the  earth  will  lose  its  fertility 
ause  of  lack  of  combined  nitrogen. 


CHAPTER  XV 
PHOSPHORUS 

General. — Phosphorus  beloDgs  to  a  group  of  elements 
which  nitrc^en  is  the  member  with  the  smallest  atomic  v&^ 
Just  aa  fluorine,  the  first  member  of  the  halogens,  has 
points  of  resemblance  to  chlorine  but  many  of  difference,  so  ^ 
nitrogen  compounds  have  at  least  a  formal  similarity  to  th(M 
of  pbosphoruB,  but  show  many  marked  differences.  It  mighi  U 
said  that  the  Toot  of  the  differences  Hea  in  the  fad  that  the 
highly  oxidized  compounds  of  nitrogen  are  unstable  and  tend  l»\ 
go  to  the  less  highly  oxidized,  while  jusl  the  reverse  is  the  case  w& 
phosphorus.  Phosphorus,  however,  difEera  radically  from  nitro- 
gen in  that  the,  element  itself  is  extremely  active  chemically. 
When  exposed  to  the  air  even  at  ordinary  temperatures  it  is 
slowly  oxidized,  at  the  same  time  emitting  light.  It  was  on  ac- 
count of  this  property  that  phosphorus  received  its  name,  which 
means  light  brariT. 

Occurrence. — Phosphorus  does  not  occur  free  in  nature,  butJi 
found  widely  distributed  chiefly  in  the  form  of  phosphates.  The 
most  important  naturally  occurring  phosphate  is  that  of  calciuOi 
CaiCPOi)*,  which  is  found  in  most  soils.  It  constitutes  a  large 
part  of  the  bones  and  teeth  of  animals.  Great  beds  of  calciiuD 
phosphate  which  have  been  formed  in  part  at  least  from  tho 
fossil  bones  of  animals  are  found  in  Florida  and  Tunis.  EniK- 
mous  beds,  probably  the  largest  in  the  world,  of  phosphate  rock 
exist  in  Utah,  Montana,  Wyoming,  and  Idaho.  A  very  partiB) 
survey  of  the  field  has  located  2,500,000,000  tons  of  rock  averag- 
ing 70  per  cent,  calcium  phosphate.  Another  mineral  which  il 
closely  related  to  calcium  phosphate  is  apatite,  Ca(F(P04)i.  Thii 
is  a  component  of  many  rocks  and  is  found  in  large  quantities  i< 
Canada.  The  importance  of  these  compounds  of  phoaphoni 
may  be  realized  when  it  is  known  thtit  phosphorus  like  nitrogei 
is  an  absolutely  essential  component  of  all  living  organisms,  am 
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hat  soluble  compoundB  of  this  element  must  be  present  in  a  soil 
n  order  that  it  may  be  fertile.  In  nearly  all  of  the  oldw  agri- 
nltiiral  coimtries,  artificial  manures  containing  phosphoric  acid 
muBt  be  applied  to  the  land.  The  world  mines  about  5,000,000 
kooB  of  phosphate  rock  per  year. 

Preparation  of  Phosphorus, — The  eawest  method  of  preparing 
Vbosphorus  involves  the  heating  of  a  mixture  of  calcium  phos- 
pliate,  sand  (silicon  dioxide),  SiOi,  and  carbon  to  a  very  high 
Innperature  in  an  electric  furnace  (Fig.  37).  Calcium  silicate, 
CliSiOt,  carbon  monoxide,  CO,  and  phosphorus  are  formed. 


Fia.  37. 


the  carbon  monoxide  and  phosphorus  pass  out  of  the  furnace  in 
the  gaseous  state,  the  phosphorus  being  condensed  under  water. 
The  calcium  silicate  is  liquid  at  the  temperature  of  the  reaction 
ifid  is  drawn  off  from  the  furnace  from  time  to  time.  The  whole 
tmKcas  may  be  made  continuous  by  feeding  in  the  reaction  mix- 
ture as  rapidly  as  it  is  used  up.    The  equation  is : 

2Ca,(P0«)t  +  eSiOj  +  IOC  =  6CaSiO,  +  lOCO  +  P* 

The  Allotropic  Modifications  of  Phosphorus. — ^The  element 
phogphoms  exists  in  two  different  modifications  which  are  so 
my  unlike  that  it  is  hard  to  believe  that  they  are  composed  of 
the  Bune  element.  One  of  these  is  called  ordinary,  yellow, 
or  Bometimee  white  phosphorus;  the  other  is  known  as  red 
phoophorus.  In  addition  there  is  a  black  variety  which  is  much 
Iib>he  red. 

Orfiiuiry  phosphorus  is  prepared  by  the  method  described 
above  and  is  a  slightly  yellowish  almost  colorless  wax-like 
aoiid.    It  mdts  at  +44°  and  boils  at  270°.    It  is  readily  soluble 
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in  carbon  disulfide  and  some  other  organic  solvents,  but  is  i 
ineoluble  in  jwatcr,  under  which  it  is  always  preserved, 
its  solution  in  carbon  disujfide,  crystals  of  phosphorus  m; 
easily  obtained. 

When  exposed  to  the  air,  this  form  of  phosphorus  is  s 
oxidized  with  the  formation  of  phosphorus  trioside,  PjOt,  a 
the  same  time  shines  so  that  it  may  easily  be  seen  in  the 
In  a  limited  amount  of  air,  the  luminosity  will  continue  irnt 
last  detectable  trace  of  oxygen  has  been  used  up.  The 
perature  of  the  phosphorus  is  but  httle  h^her  than  its 
Foundings,  so  a  part  of  the  chemical  energy  of  the  change 
be  converted  directly  into  light.     The  fumes  given  off  b 


strong  garUc-like  smell  and  their  continual  inhalation 
duces  a  very  serious  disease  in  which  the  bones  of  the  jaw  t 
Matchmakers  are  particularly  liable  to  thia  trouble, 
element  itself  is  very  poisonous,  a  tenth  of  a  gram  being  s 
dose.  During  the  slow  oxidation  of  the  phosphorus,  a  part 
oxygen  of  the  air  is  changed  into  ozone.  If  the  temperat 
phosphorus  exposed  to  air  is  gradually  raised,  the  oxit 
goes  on  more  and  more  rapidly  until  at  about  45°  it  passe 
rapid  combustion. 

The  molecular  weight  of  phosphorus,  both  as  vapor  and 
lution  is  124,  and,  since  its  atomic  weight  is  31.04,  the  fo 
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9.ed  pho&phoruB  is  very  diCFerent  from  the  ordinary  form.  It 
i  dull  red  crystaUine  powder  and  may  be  obtained  by  heating 
i  yellow  variety  to  2S0°  in  the  absence  of  air.  The  trane- 
Tnation  ia  catalyzed  by  iodine  so  that  in  the  presence  of  a 
ice  of  this  substance  the  transition  takes  place  very  rapidly 
leed  at  200°.  Light  also  hastens  the  change,  and  sticks  of 
losphonis  which  have  been  exposed  at  ordinary  temperatures 

the  action  of  light  are  covered  with  a  thin  layer  of  red  phos- 
lorua. 

Red  phosphorus  does  not  melt  but  passes  directly  into  the 
ipor  which  is  identical  with  that  of  yellow  phosphorus,  and 
ields  the  latter  modification  when  it  is  rapidly  cooled.    In  fact, 

is  only  by  converting  the  red  phosphorus  into  the  vapor  and 
mdensing  the  latter  that  the  change  from  the  red  into  the 
ther  modification  can  be  made. 

Hed  phosphorus  is  not  poisonous,  is  not  soluble  in  carbon  disul- 
de,  does  not  oxidise  in  the  air  at  ordinary  temperatures,  nor 
ike  fire  until  heated  to  about  260°.  It  is,  then,  very  different 
■om  the  ordinary  phosphorus,  and  yet  the  two  modifications  can 
e  converted  the  one  into  the  other  without  any  change  in  weight. 

The  yellow  modification  is  at  all  ordinary  temperatures  un- 
able with  respect  to  the  red.  In  accord  with  this  is  the  fact 
Hat  yellow  phosphorus  is  more  soluble  than  red  and  has  the 
feater  vapor  pressure  as  shown  by  the  curves  given  in  Fig.  36. 
"be  yapor  pressure  curves  do  not  intersect  so  there  is  no  transi- 
ion  point  within  the  range  lOC-^OO",  but  there  is  a  little  evidence 
hat  a  transition  point  may  exist  at  —77°, 

When  yellow  phosphorus  is  heated  to  200°  under  a  pressure  of 
bout  4,000  atmospheres  it  is  changed  into  a  more  dense  variety 
'hich  because  of  its  color  is  called  black  phosphorus.  This  is 
hemically  much  like  the  red  modification. 

Hydrogen  Compounds  of  Phosphorus. — Hydrogen  and  phos- 
bonia  form  three  compounds,  phosphine,  PHi,  liquid  hydrogen 
hogphide,  PjHi,  and  solid  hydrogen  phosphide,  P,H).  Phos- 
'^e  is  similar  io  ammonia  in  its  formula  and  ia  slightly  like  it 
a  its  properties. 

Phoephine  may  be  readily  prepared  by  dropping  pieces  of  cal- 
iom  phosphide,  CaiPt  (Fig.  39),  in  water. 

Ca,P,  +  6HiO  =  3Ca(0H),  +  2PH, 
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The  action  is  very  much  like  that  between  magnesium  nilH'lc 
and  water  with  the  formation  of  ammonia.  The  addition  of  a 
little  acid  farihtates  the  reaction  by  rapidly  dissolving  tlif 
calcium  hydroxide.  The  phosphine  prepared  in  this  way  i* 
spontaneously  iiiflammaljle. 

As  each  bubble  of  phosphine  rises  to  the  surface  of  the  water 
it  catches  fire  with  a  little  explosion  and  burns  to  phosphoric  aeiJ 

O  which   forms   a    beautiful    smoke  ring. 

Pure  phosphine  is  not  spontaneous]]' 
inflammable.  The  compound  prepared 
as  described  above  contains  snuU 
quantities  of  the  vapor  of  the  liquid 
hydrogen  phosphide,  and  it  is  to  this 
that  it  owes  the  property  of  catcliiug 
<C  -^  fire  on  contact  with  the  air. 

^^  Calcium  phosphide  has  found  appli- 

cation in  connection  with  life  buoys  u 
indicate   their  position   at   night  when 
they  are  thrown  into  the  water, 
j^     „.  The  phosphine  may  be  so  far  purified 

from  the  liquid  compound  by  passing  it 
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through  a  tube  surrounded  by  a  freezing  mixture  that  it  wiB 
not  take  fire  on  contact  with  the  air. 

Phosphine  is  a  colorless  gaseous  substance  which  boils  at  —86 , 
smells  like  decayed  fish  and  is  very  poisonous.  At  high  tempera- 
tures it  is  decomposed  into  its  elements.  It  resembles  ammoiii* 
in  its  formula  and  because  it  combines  directly  with  the  hydi*- 
halogen  acids  to  form  phoephonium  salts.  It  differs  from  am- 
monia in  that  it  is  scarcely  at  all  soluble  in  water  and  does  not 
form  a  basic  compound  with  this  substance  nor  does  it  combine 
with  the  oxyacida  to  form  salts. 

Phosphonium  Compounds.— Phosphonium  iodide  is  the  roost 
stable  of  these  compounds  and  is  easily  formed  by  bringing  to- 
gether at  ordinary  temperatures  and  pressures  phosphine  and 
hydrogen  iodide, 

PH,  +  HI  =  PHJ 

It  forms  beautiful  large  transparent  quadratic  crystals  wlucl 
sublime  at  62°.     In  the  vapor  state,  it  is  very  largely  decompose^ 
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to  phoaphine  and  the  acid,  just  as  ammotiium  salts  are  decom- 
eed  into  ammoma  and  the  acid.  It  is  a  powerful  reducing 
;ent  and  finds  use  as  such  in  the  laboratory. 
Phosphonium  bromide  is  very  Bimilar  to  the  iodide,  and  is 
repared  from  hydrogen  bromide  and  phosphine  at  ordinary 
;mperatures  and  pressures.     It  sublimes  at  38°. 

Phosphonium  chloride  cannot  be  prepared  by  bringing  hydro- 
hloric  acid  and  phosphine  together  at  ordinary  temperatures 
nd  pressures.  At  —35'  it  can  be  obtained  at  ordinary  pressures, 
«it  requires  a  total  pressure  of  at  least  18  atmospheres  at  14°  to 
>roduce  it  or  to  keep  it  from  decomposing  into  its  components. 
Phosphonium  compounds  are  decomposed  by  water  into  phos- 
itlune  and  the  acid,  f^om  this  we  gather  that  the  phosphonium 
ion,  PHt+,  is  not  stable. 

Liquid  Hydrogea  Phosphide. — ^Liquid  hydrc^n  phosphide 
biHls  at  67°.  The  vapor  is  spontaneously  inflammable.  Its 
ualysis  and  molecular  weight  indicate  that  the  formula  is  PiHt- 

Hah^ea  Compouiids  of  Phosphorus. — Each  of  the  hal<^ens 
»ill  combine  directly  with  phosphorus  forming  fairly  stable 
compounds. 

Chlorine,  bromine  and  iodine  form  trihalides,  PCI)  for  example, 
vhicfa  are  all  liquids.  Fluorine,  chlorine  and  bromine  form  penta 
compounds,  PCU  for  instance;  with  the  exception  of  the  fluoride 
vhich.is  gaseous,  these  are  solids. 

Each  of  these  compounds  is  decomposed  by  water  with  the 
Fonnation  of  an  oxyacid  of  phosphorus  and  the  hydroacid  of  the 
tologen.  It  will  be  recalled  that  this  property  was  made  use  of 
">  the  preparation  of  hydriodic  and  hydrobromic  acids.  The 
chlorine  compounds  are  rather  more  important  than  the  others 
and  will  be  described  in  some  detail. 

Phosphorus  trichloride,  PCU,  is  formed  by  passing  chlorine 
over  phosphorus  contained  in  a  retort  to  which  is  connected  a 
i^ver.  The  combination  takes  place  with  the  evolution  of 
M  much  heat  that  the  greater  part  of  the  trichloride  formed 
(^itls  over  and  condenses  to  a  colorless  liquid  in  the  receiver. 
't  IxhIs  at  76°  and  has  a  density  of  1.6.  It  reacts  with  water  and 
other  compounds  containing  oxygen  and  hydrogen  to  form  phos- 
phorous acid  and  hydrogen  chloride.  Because  of  this  it  fumes 
vlten  in  contact  with  moist  air. 


220  GENERAL  CHEMISTRY 

Phosphorus  pentachloride,  PCU,  ia  prepared  by  the  action  of 
an  excess  of  chlorine  upon  (he  trichloride-  It  is  a  pale  yellowi^ 
green  solid  which  when  heated  under  atmospheric  pressure  doe 
not  melt,  but  passes  directly  into  the  vapor  without  going  thro# 
the  liquid  state.  This  is  due  to  the  fact  that  the  temperature  il 
which  the  vapor  pressure  of  the  solid  is  equal  to  the  pressure  o( 
the  air  is  lower  than  its  mcltinf!  sint.  We  might  say  that  iw 
boiling-poiot  ia  lower  than  its  free  ing-point.  When  the  rapon 
are  cooled  they  pass  directly  back  to  the  solid  state.  Tliat  kind 
of  distillation  in  which  the  solid  passes  directly  into  the  vapor  and 
reappears  in  the  solid  state  upon  cooling  without  the  liquiil 
modification  coining  in  as  an  intermediate  step  is  called  sublima- 
tion. By  heating  the  pentachloride  under  presssure,  the  boiling' 
point  may  be  so  raised  that  it  lies  above  the  melting-point  wbidi 
is  166°.  In  the  vapor  state,  phosphorus  pentachloride,  PCIi>  ' 
is  partially  decomposed  into  chlorine  and  the  trichloride. 

Phosphorus  pentachloride  fumes  strongly  in  contact  witiiair 
and  has  a  very  irritating  action  on  the  mucous  membrane.  H 
rapidly  reacts  with  water,  forming  phosphoric  acid,  H1PO4,  ud 
hydrogen  chloride. 

Oxygen  Compounds  of  Phosphorus. — The  oxides  of  phospboniB 
are  the  tetroxide,  PjO,,  and  trioxide,  PiOs,  or  PtOi,  and  the 
pentoxide,  PjOb  or  FtOu.  The  simpler  formulas  for  the  lasttwo 
oxides  are  the  ones  which  are  the  more  commonly  used  for  the** 
substances,  but  the  more  complicated  ones  correspond  to  theiJ 
molecular  weights. 

Phosphorus  pentoxide  is  a  white  powder  which  is  formed 
when  phosphorus  burns  in  dry  air.  It  is  exceedingly  hygrc» 
scopic,  and  instantly  combines  with  water  to  form  metapbo^ 
phoric  acid,  HPOj.  It  is  the  most  thorough  drying  agent  knoffC 
much  better  than  sulfuric  acid  and  far  better  then  calciuO 
chloride.  Owing  to  its  great  affinity  for  water,  it  will  evep  witt» 
draw  the  elements  of  water  from  compounds  containing  hydroge* 
and  oxygen.  Its  use  in  the  preparation  of  nitric  anhydrid* 
depends  upon  this  property. 

The  trioxide  is  formed  when  phosphorus  burns  in  a  limited 
supply  of  air.  It  differs  from  the  pentoxide  in  that  it  has  a  low 
melting-point,  22.5°,  and  boiling-point,  173°,  and  hence  may 
be  easily  separated  from  the  higher  oxide  by  distillation.    It  if 
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orless.  With  cold  water  it  reacta  very  slowly  fonniiig  phoa- 
orous  acid,  and  hence  is  often  called  phoapborous  anhydride, 
Afids  of  Phosphorus. — Phosphorus  pentoxide  is  the  anh^ride 
three  important  acids,  metaphosphoric  acid,  HPOi,  pyro- 
losphoric  acid,  HtPiOT,  and  orthophosphoric  acid,  H|P04> 
aese  are  formed  by  the  interaction  of  varying  quantities  of 
iter  and  the  anhydride: 

P»Os  +  H,0  =  2HP0, 
P,Oe  +  2H,0  =  H,P,0, 
P,0,  +  3H,0  =  2H,P04 

n  addition  to  these  three  acids  there  are  the  less  important  ones, 
hosphorous  acids,  HiPOi,  hypophosphoric  acid,  H4PiOt,  and 
^phosphorous  acid,  HjPOi.  The  pentoxide  is  not  the  anhy- 
ride  of  these  last  three  acids  and  it  will  be  noticed  that  the 
alcQce  of  the  phosphorus  is  3,  4  and  1  respectively. 

Orthophosphoric  acid  is  of  greater  importance  than  any  other 
cid  of  phosphorus  and  is  always  in  mind  when  phosphoric  acid 
'  mentioned  without  qualification.  It  may  be  prepared  as  in- 
itated  above,  or  obtained  from  its  salts  by  the  second  general 
lethod  for  the  preparation  of  acids.  The  first  general  method 
'  not  available  since  the  acid  cannot  be  distilled.  It  is  moat 
'iveniently  made  in  pure  state  by  oxidizing  ordinary  phoa- 
lorua  with  dilute  nitric  acid,  nitric  oxide  being  formed  at  the 
lie  time.  By  concentrating  the  solution,  the  excesa  of  nitric 
Id  is  driven  off.  The  orthophosphoric  acid  obtained  in  this 
^y  is  a  thick  viscous  liquid  which  crystallizes  slowly  and  with 
Siculty.  The  melting-point  of  the  pure  acid  is  41°. 
Its  solution  in  water  reddens  litmus  and  has  a  pure  agreeable 
id  taste.     It   is  not   very  strongly   dissociated.     A  solution 

one  gram  equivalent  of  phosphoric  acid  in  a  liter  of  water 
ntains  only  about  one-fourteenth  as  much  hydrogen  as  ion  as 
hydrochloric  acid  solution  of  the  same  concentration. 
Orthophosphoric  acid  is  a  tribasic  acid  aa  is  indicated  by  its 
rmula,  HtPO^.  It  forms  three  series  of  salts  according  as  one, 
o,  or  all  three  of  the  atomic  weights  of  hydrogen  per  mole  are 
3laced  by  metals.    We  have  then  normal  salts  and  two  kinds 

acid  salts.  These  latter  are  distinguished  by  using  Greek 
merals  to  ahow  how  many  atomic  weights  of  metal  are  present. 
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Thus  we  have  normal  sodium  phoBphate,  NajPOi,  which  is  often 
called  trisodium  phosphate;  disodium  phosphate,  NaiHPOi;ui(l 
monoBodium  phosphate,  NaH,POi.  The  names  tertiary,  second- 
ary and  primary  are  also  used  to  designate  these  salts.  Solution! 
of  the  mono  siUt  are  slightly  acid  in  reaction  while  those  of  tlif 
disodium  salt  are  faintly  alkaUoe,  and  of  the  tri-  exceedingly  so. 
These  phenotni'iia  are  connected  with  the  fact  that  phosphoiie 
acid  is  a  weak  acid  and  also  polybasic.  Like  all  other  polybaat 
acids,  it  dissociates  one  atomic  weight  of  hydrogen  more  stron^y 
than  the  rest.  The  dissociation  HaPO*  =  H"^  +  HiPOr  taka 
place  to  a  fair  drgri?e,  while  that  of  H-POr  =  H+  +  HPO  ">! 
alight,  and  HPO,  scarcely  breaks  down  at  all  into  H"*"  aod 
PO4  .  Becaust'  of  the  weakly  acid  character  of  the  ioik 
HPO4  and  HoPOi",  the  triaodium  salt  is  almost  completel)' 
hydrolyzed  uito  the  disodium  salt  and  sodium  hydroxide,  and 
the  disodium  phosphate  is  also  slightly  affected.      _  I 

The  phosphates  which  occur  in  nature  are  the  normal  salts    | 
and  the  principal  one  is  that  of  calcium,  Cai(POi^i.     This  sail    I 
is  almost  universally  present  in  the  soil.     It  is,  however,  verj 
slightly  soluble  so  that  it  is  only  slowly  available  as  a  source  0!    j 
phosphorus  compounds   for   plants.     Monocalcium   phosphate, 
Ca(HtPOilj,  is  easily  soluble  and  makes  an  excellent  fertiliier. 
It  is  known  in  commerce  as  "superphosphate"  and  is  prepared 
by  treating  calciuni  phosphate  with  dilute  sulfuric  acid  from  the 
lead  chambers.     Ho  extensive  ia  the  use  of  phosphate  fertiliieis 
that  the  larger  part  of  the  sulfuric  acid  made  is  used  in  thsi' 
manufacture. 

Pyrophosphoric  Acid. — When  orthophosphoric  acid  is  carefuUy 
heated  to  about  250°,  it  loses  water  and  is  changed  into  pp"" 
phosphoric  acid,  HtPiOj, 

2H,P04  =  H4P1OT  +  H,0 

When  dissolved  in  water,  it  gradually  reacts  with  the  latter  form- 
ing the  ortho  acid.  The  formula  indicates  that  it  is  tetrabaaief 
and  it  forma  four  series  of  salts,  NaHtPiOj,  NaiHtPiOr,  Nar 
HPjOt,  and  NajPiOj.  Of  these  the  second  and  fourth  are  the 
best  known. 

Metaphosphoric  Acid. — Metaphosphoric  acid,  HFOi,  may  be 
obtained  by  beating  orthophosphoric  acid  to  ahigher  tempera- 
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re  than  that  required  for  the  preparation  of  pyrophosphoric 
id,  or  by  adding  the  proper  amount  of  water  to  the  pentoxide. 
Metaphosphoric  acid  melts  at  a  rather  high  temperature  and 
lidifiefl  to  a  wax-hke  mass  on  cooUng.    It  is  put  on  the  market 

the  form  of  transparent  sticks  and  is  known  in  commerce  as 
acial  phosphoric  acid.  These  sticks  are  hard  and  glass-hke 
ecauae  they  contain  a  little  sodium  metaphosphate.  At  high 
nnperatureB  it  passes  into  vapor,  and  in  this  state  has  the  for- 
iiila  (HFOt)i  as  is  shown  by  its  molecular  weight. 

At  room  temperatures,  a  solution  of  metaphosphoric  acid  ia 
hanged  rather  rapidly  into  pyrophosphoric  acid  and  the  latter 
hen  more  slowly  into  the  ortho  acid. 

The  sodium  salt  of  metaphosphoric  acid  is  formed  by  heatii^ 
noaosodium  orthophosphate  to  a  high  temperature, 

NaHjPO,  =  NaPO.  +  H,0 

»  by  heating  sodium  ammonium  phosphate,  NaNHtHPOt, 

NaNH4HP04  =  NaPO,  +  NH,  +  H,0 

^um  metaphosphate  fuses  to  a  clear  glass-hke  mass  and  in  the 
^used  state  is  able  to  dissolve  most  of  the  oxides  of  the  metals, 
^ving  from  them  in  many  cases,  colors  characteristic  of  the 
^stab.     This  property  is  made  use  of  in  blowpipe  analysis. 

Phosphorous  Acid. — ^Phosphorous  acid,  HiPOi,  is  formed  by 
'>e  action  of  cold  water  upon  phosphorus  trioxide,  P^Oi,  or  of 
'ftter  upon  the  tri-chloride,  bromide,  or  iodide  of  phosphorus.  Its 
'i^ula  indicates  that  it  is  a  tribasic  acid,  but  it  will  form  only 
'o  aeries  of  salts,  NaHJ'O.  and  NajHPO,.  This  property 
probably  due  to  an  extreme  case  of  the  difference  in  the  degree 

dissociation  of  the  hydrogens  of  a  polybasic  acid,  to  which 
tentioQ  was  called  under  phosphoric  acid. 
Phosphorous  acid  is  a  crystalhne  sohd  melting  at  70°.  When 
^ted  strongly,  it  decomposes  into  phosphine,  metaphosphoric 
;id,  and  water.  It  is  a  powerful  reducing  agent,  being  oxidised 
)  phosphoric  acid. 

inio^horus  Sulfides. — By  heating  red  phosphorus  and  sulfur 
gether  in  the  proper  proportions  in  the  absence  of  air,  a  rapid 
action  takes  place,  and  according  to  the  relative  proportions  of 
e  substances,  the  sulfides  FtSi,  FtS,,  PiS«,  and  P^i  ^. 
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Of  these  aulfirles.  P4S,  is  the  most  important,  because  of  it*  \ 
in  matches.  It  does  not  take  fire  apontaneoiialy.  but  does 
when  gently  heated.  Red  phosphorus  is  used  because  the  rei 
tion  is  too  violent  with  yellow. 

With  water  the  sulfides  react  to  form  hydrogen  sulfide  and  I!m 
acids  of  phosphorus. 

Applications  of  Phosphorus.-  far  the  greater  part  of  tht 
phosphorus  made  is  used  in  the  ufacture  of  matches.     Thw 

may  be  divided  into  two  cl"*  hose  which  will  strike  any- 

where, and  those  which  will  ig  y  when  rubbed  on  a  speciallj 

prepared  surfaee.  The  first  ku  ?  made  by  dipping  the  sticb 
into  melted  paraffin,  and  then  :o  a  paste  containing  glue, 
powdered  glass,  iron  oxide,  Ici  jdc,  and  phosphorus  aesqui- 
sulfide,  P4S1.  The  phosphorus  i  ,e  is  enclosed  within  the  ma» 
and  BO  protected  from  the  air.  pon  striking  the  match  tba 
friction  raises  tho  temperature,  at  the  point  of  contact,  abo\"e  the 
kindling  point  of  the  phosphorus  sulfide.  The  whole  very  com- 
bustible mixture  in  the  head  then  burns  and  sets  fire  to  the  wood- 
These  matches  are  so  eaailj'  ignited  that  they  are  liable  to  produi 
accidental  fires.  This  type  of  match  was  formerly  made  with 
free  phosphorus  and  was  highly  poisonous,  but  the  kind  contain- 
ing phosphorus  sulfide  is  practically  non-poisonous. 

The  second  kind  is  the  safety  match  which  lights  on  the  boi. 
The  head  of  this  match  may  contain  potassium  chlorate  and 
dichromate,  sulfur,  manganese  dioxide,  iron  oxide,  powdered 
glass,  glue,  and  gum  arable,  but  no  phosphorus.  The  striking 
surface  on  the  box  is  composed  of  a  mixture  of  red  phosphonia, 
antimony  trisulfide,  dextrine,  and  lampblack.  Safety  matchefl 
may  sometimes  be  ignited  by  friction  on  a  non-conducting  surface 
such  as  that  of  glass.  Since  these  matches  contain  no  ordinary 
phosphorus  they  are  relatively  non-poisonous  and  can  be  manu- 
factured without  injury  to  the  workmen.  For  the  reason  that 
it  is  practically  impossible  that  they  should  be  ignited  accidenlr 
ally,  this  form  of  match  is  much  superior  to  the  other  for  domestic 
purposes.  In  the  laboratory  red  phosphorus  is  used  wherever 
possible,  because  it  is  more  moderate  in  its  action  and  less  danger- 
ous than  the  yellow. 


CHAPTER  XVI 

CARBON 

General. — Carbon  belongs  to  a  family  of  elements,  which  in 
leir  highest  state  of  oxidation  are  tetravalent;  the  other  mem- 
3TB  of  the  family  are  silicon,  germanium,  tin,  and  lead.  Carbon 
od  silicon  are  non-metallic  elements,  while  the  others  are  metals 
Dd  will  be  discussed  later.  The  compounds  of  carbon  are 
xceedingly  varied,  more  than  a  hundred  and  fifty  thousand  of 
hem  being  known.  In  fact,  the  chemistry  of  carbon  is  bo  Com- 
dex that  it  is  considered  a  separate  branch,  and  is  called  organic 
iemistry.  It  received  this  name  because  all  living  organisms 
wotain  carbon  compounds,  and  it  was  for  a  long  time  supposed 
ihat  most  of  these  substances  could  be  produced  only  by  the 
ife  processes  of  such  organisms.  At  the  present  day  so  many  of 
tiiese  compounds  have  been  synthesized  in  the  laboratory  that 
^  are  now  of  the  opinion  that  it  is  possible  to  prepare  any  carbon 
^pound  artificially. 

'Hie  great  importance  of  the  compounds  of  carbon  may  be 
'^led  when  we  consider  that  nearly  all  of  our  foods,  and  most 
f  our  medicines,  consist  essentially  of  these  substances,  and 
W  the  principal  source  of  the  energy  which  we  use  in  our 
^OUB  industries  is  the  carbon  in  coal,  gas,  oil,  etc. 

Occurrence. — Carbon  occurs  free  in  nature  in  two  distinct 
Uotropic  crystalline  modifications,  which  are  known  as  diamond 
Qd  graphite.  A  third  form  of  elementary  carbon,  known  as 
iDorphouB  carbon,  or  charcoal,  may  be  obtained  by  heating 
rganic  substances,  such  as  wood,  sugar,  etc.,  to  a  high  tempera- 
iire  in  the  absence  of  air.  Many  persons  consider  that  amor- 
hous  carbon  is  present  in  coal  and  so  would  say  that  this  form 
F  carbon  occurs  in  nature.  In  combination,  carbon  is  found  as 
a  essential  constituent  of  all  living  organisms;  as  carbon  dioxide 
I  the  air  and  water;  as  calcium  carbonate  in  the  great  beds  of 
sestone;  aa  very  complex  compounds  chiefiy  in  co 
U  225 
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with  hydrogen  in  coal  ftnd  oil;  and  as  methane,  CHt,  in  natun 
gftB.  * 

Diamond. — As  is  well  known,  diamond  is  a  clear  coloriea 
substance  which  cry8talli7.es  in  octahedrons  and  is  exceediogM 
hard.  Because  of  these  properties,  its  rarity  and  the  fact  tlutifi 
has  a  very  bt-illiant  luster,  diamond  has  long  been  valued  highlR 
as  a  gem.     The  principal  loc  ^  in  which  diamonds  arefoultfl 

at  the  present  day  are  Brazil  a  ^outh  Africa.  In  Brazil,  tbq^ 
are  obtained  from  alluvial  de[  s,  while  in  South  Africa  tbtj 
occur  within  and  in  the  immi  iate  vicinity  of  old  volcws 
chimneys.  The  diamonds  ha  ipparently  been  formed  fran 
carbon  undir  great  pressure,  av  1.1  :  high  temperature  of  the  hn, 
They  are  usually  small,  very  r  ly  weighing  more  than  » fe» 
grams;  but  one,  the  Cullinan  mond,  was  found  in  1905  it 
Premier  mint!  in  Transvaal  whicn  weighed  620  grm.,  or  3,0M 
carats,  or  1.37  ll>.,  and  even  then  the  stone  was  evidently  raerelj 
a  fragment  of  a  much  larger  one. 

Very  small  diamonds  have  been  prepared  artificially  by 
Moissan.  Ho  placed  charcoal  made  from  sugar  in  cast-iron 
heated  to  a  very  high  temperature  in  an  electric  furnace  and  then 
cooled  the  iron  as  rapidly  as  possible.  Under  these  conditioni  ti 
rigid  shell  of  solid  cast-iron  was  quickly  formed  around  the  out"; 
side  of  the  mass,  while  the  interior  still  remained  molten.  No* 
cast-iron  upon  solidification  increases  in  volume,  so  that,  as  the 
interior  gradually  froze,  great  pressure  was  produced.  Under 
these  conditions  the  carbon  was  simultaneously  exposed  to  very 
high  temperature  and  pressure,  and  a  small  portion  of  it  cryBtat 
lized  as  minute  diamonds.  Because  of  its  extreme  hardneas  it  if 
used  for  cutting  and  writing  on  glass  and  many  other  porpoW 
where  such  a  property  is  required.  The  density  of  diamcaul 
3.5-3.6,  is  greater  than  that  of  the  other  forms  of  carbon.  Wba 
diamonds  are  heated  in  the  air,  or  oxygen,  they  bum  to  carbo 
dioxide.     Toward  most  chemical  reagents  it  is  very  indifferent. 

Graphite. — Graphite  is  the  second  crystalline  modification  c 
carbon.  It  occurs  in  many  localities,  chiefly  Austria  and  Ceyla 
in  rather  poorly  formed  rhombohedral  crystals.  It  is  black  i 
color,  non-transparent,  so  soft  that  it  may  be  readily  scratche 
with  the  finger  nail,  and  leaves  a  black  streak  on  paper,  has 
density  of  2,25,  and  so  differs  radically  in  its  properties  froi 
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liamond.  It  is  propjirwi  arlificially  on  a  larfjc  scale  by  heating 
Petroleum  coke,  anthracite  coal,  or  any  other  nearly  pure  form 
A  carbon,  to  a  very  high  temperature  in  the  electric  furnace  (Fig. 
U).  Graphite  is  highly  resistant  to  chemical  action,  but  rather 
■so  than  diamond.  When  heated  in  the  air,  or  oxygen,  it  slowly 
)  to  carbon  dioxide.  When  heated  alone  it  undergoes  no 
e  until  the  highest  temperature  of  the  electric  arc  is  reached, 
a  it  passes  slowly  into  vapor  without  melting.  Because  of  its 
sibility,  graphite  when  mixed  with  a  small  portion  of  clay  to 
t  as  a  binder,  is  used  in  making  crucibles  which  have  to  stand 
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oigb  temperatures.  Because  of  these  same  properties  and  the 
further  fact  that  it  is  a  good  conductor  of  electricity,  graphite 
^  extensively  used  at  present  for  making  electrodes  for  use  in 
tiectric  furnaces  and  in  the  electrolytic  industries.  Crystals 
vt  graphite  very  easily  break  up  into  fine  scales  which  slip  ovei 
ooe  another  with  but  little  friction.  On  this  account  it  is  often 
used  as  a  lubricant.  Finely  ground  graphite  mixed  with  clay 
and  slightly  baked,  constitutes  the  "lead"  of  our  lead  pencils. 
The  more  clay  the  harder  the  pencil. 

Amorphous  Carbon. — As  has  been  mentioned  above,  amor- 
phous carbon  is  prepared  by  heating  certain  carbon  compounds 
to  a  high  temperature  in  the  absence  of  air.  A  rather  large 
number  of  different  forms  are  distinguished  according  to  their 
state  of  division  and  the  substances  from  which  they  were  formed. 
We  have,  for  example,  charcoal  of  various  kinds,  soot  or  lamp 
black,  and  coke.  The  density,  hardness  and  electrical  conduc- 
tivity of  all  forms  of  amorphous  carbon  increase  with  the  tem- 
perature to  which  they  are  heated.  At  the  highest  temperatures 
of  the  elecbic  furnace,  the  various  forms  of  amorphous  carbon 
are  transformed  into  graphite.    Like  graphite,  amorphous  carbon 
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is  infuaiblc.  It  is,  however,  much  more  easily  combustible  tha 
graphite. 

Soot  is  a  comparatively  pure  form  of  finely  divided  carbon  si 
is  formed  by  the  combustion  of  various  carbon  and  hydroga 
compounds  with  an  insufficient  supply  of  air.  It  is  ver>'  soft, 
intensrfy  black,  has  a  small  density,  is  easily  combustible,  andii 
a  good  non-conductor  of  boat  tricity.     It  finds  application 

as  a  pigment  in  printer's  i  ,  it,  etc.,  under  the  name  d 
lampblack. 

Charcoal. — The  most  con  rm  of  charcoal  is  that  pre- 

pared bj'  heating  wood  to  fairly  ..     igh  temperature  in  cast 
retorts.     In  addition  to  the  chat     al,  methyl  or  wood  alcohd. 
CHiOH,  acetic  acid,  CHjCOO  i  creosote  arc  formed  andirt 

condensed,  separated  and  i  more  than  the  value  of  th! 

charcoal.     Bone  charcoal  oi  i  lack  as  it  is  called,  is  mt* 

by  carbonizing  bones  in  retorts.  At  the  same  time  a  valuable 
by-product  known  as  bone  oil  is  produced.  All  solid  subslanfff 
seem  to  have  a  tendency  to  increase,  right  at  their  surface,  the 
concentration  of  any  gaseous  substance  with  which  they  may  be  in 
contact.  This  property  is  called  adsorption.  It  is  shown 
strongly  by  all  forms  of  charcoal,  especially  by  those  such  as  bo» 
and  cocoanut  shell  charcoal  which  have  per  unit  weight  very 
large  surfaces  owing  to  the  fineness  of  the  pores  of  the  materials 
from  which  they  were  made.  The  higher  the  molecular  wei^t 
and  boiling  point  of  the  gas  and  the  lower  the  temperature,  the 
greater  is  the  adsorption. 

When  cooled  to  the  temperature  of  liquid  air,  cocoanut  shfU 
charcoal  will  adsorb  very  completely  all  gases  except  hydropii 
helium  and  neon.  One  of  the  most  convenient  ways  for  produc- 
ing a  high  vacuum  is  to  seal  a  bulb  con  taining  cocoanut  charcoiJ  to 
the  vessel  to  be  exhausted  and  then  cool  the  bulb  with  liquid  air. 
In  a  short  time,  the  air  in  the  vessel  will  be  83  completely  take" 
up  by  the  charcoal  that  a  very  high  vacuum  will  be  produced. 

When  charcoal  is  added  to  solutions  it  adsorbs  nearly  evfT 
substance  present.  This  is  more  pronounced  with  bone-blscl' 
than  other  charcoals  for  the  reaaon  given  above.  Here  agftiOr 
the  adsorption  is  more  complete  the  higher  the  molecular  weight 
of  the  substance  affected,  and  since  coloring  matters  are  UBuaHf 
very  complex,  they  are  adsorbed  to  a  greater  extent  than  m(*t 
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liher  eubgtances.  Crude  sugar  contains  a  coloring  matter  which 
I  removed  in  refining  by  boiling  a  solution  of  the  sugar  with 
one-charcoal.  Some  of  the  sugar  is  adsorbed,  but  not  enough 
o  make  a  serious  loss.  Charcoal  is  a  catalyzer  for  many  reac- 
ioDs,  particularly  between  gases.  Here  ^ain  we  are  dealing 
■ritb  a  surface  phenomenon,  and  the  charcoals  prepared  from 
■lie  more  finely  cellular  substances  are  the  more  active. 

Coal  may  be  considered  natural  charcoal,  aad  has  probably 
'ten  formed  by  the  partial  decomposition  of  vegetable  matter 
iQder  water.  Various  varieties  of  coal  are  dietinguished,  such 
8  anthracite,  semi-anthracite,  bituminous,  and  lignite.  These 
iffer  rather  widely  in  the  relative  proportions  of  carbon,  hydro- 
en,  nitrogen,  oxygen,  sulfur,  and  mineral  matters  which  they 
ontain,  the  anthracite  being  the  nearest  pure  carbon,  and  the 
thers  decreasing  in  purity  in  the  order  named.  The  world's  pro- 
luction  of  coal  is  about  1,300  million  tons  and  that  of  the  United 
Itates  about  500  million  tons  each  year. 

Coke  is  formed  by  heating  bituminous  coal  with  the  exclusion 
>(  air  until  practically  all  the  volatile  matter  has  been  distilled 
>fE.  The  gases  given  ofF  are  rich  in  compounds  of  carbon  and 
hydrogen,  and  are  very  valuable  for  fuel  and  illuminating  pur- 
[Mses.  In  addition,  they  contain  many  useful  products,  such 
u  ammonia,  benzene,  CgHg,  coal  tar,  etc.  Coke  is  largely  used 
u  a  fuel  in  blast  furnaces  and  many  other  metallurgical  opera- 
lioDs,  since  it  produces  a  very  high  temperature,  bums  without 
smoke  and  contains  a  relatively  small  amount  of  sulfur. 

Relation  Between  the  AUotropic  Modifications. — Although  the 
^*riou8  modifications  of  carbon  differ  so  radically  in  their  prop- 
ttties  they  are  really  composed  of  the  one  element  carbon,  and 
contain  nothing  else,  as  is  shown  by  the  following  argument, 
When  equal  weights  of  pure  diamond,  graphite,  or  amorphous 
<*rbon  are  burned  in  oxygen,  equal  weights  of  carbon  dioxide  are 
produced  in  each  case,  and  nothing  besides  carbon  dioxide  is 
formed  in  any  case.  The  heat  of  combustion  of  the  various 
modifications  is  different  so  that  in  this,  as  in  other  cases,  the 
allotropic  modifications  differ  in  their  energy  content.  Because 
"f  the  non-volatility  and  insolubility  of  carbon,  it  is  impossible 
**  determine  its  molecular  weight.  Its  atomic  weight,  however, 
>>  12.005. 
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Oxygen  Compounds. — Carbon  forms  two  well  known  oxides 
the  monoxide  CO,  and  the  dioxide  COi.  The  second  of  thw ' 
compounds  is  by  far  the  more  important. 

Carbon  Dioxide. — Carbon  dioxide,  CO],  is  a  gaseous  substanMJ 
whose  molecular  weight  is  44.  It  is  colorless,  has  a  very  feeble 
taste  and  odor,  its  critical  temperature  is  31°,  and  its  critic^ 
pressure  is  73  atmospheres. 

Liquid  carbon  dioxide  is  a  common  article  of  commerce.  It  ii 
sold  in  very  strong  cyhnders.  At  a  temperature  of  20°  its  vapor 
pressure  is  58.5  atm.  or  S60  lb.  to  the  square  inch,  ao  it  maybe 
eauly  seen  that  the  cylinder  should  be  well  constructed  ad 
handled  with  care.  The  principal  use  for  this  carbon  dioxide  it 
in  the  manufacture  of  soda  water  and  other  carbonated  be'i'O- 
ages.  The  boihng-point,  or  rather  subliming-point  of  carbon  di- 
oxide is  —78.2°;  the  freezing-point  is  considerably  higher  thin 
this  —57*;  so  that  at  ordinary  pressures  liquid  carbon  diaaii 
cannot  exist  in  open  vessels.  Liquid  carbon  dioxide  is  a  colorlt*! 
very  mobile  substance,  which  is  but  slightly  soluble  in  wata. 
It  is  not  a  conductor  of  electricity,  does  not  act  as  a  solvent 
toward  most  substances,  and  does  not  redden  litmus  paper;  i" 
short,  it  does  not  present  any  striking  chemical  properties. 

Solid  carbon  dioxide  may  be  formed  by  allowing  the  liquiii 
modification  to  flow  out  from  the  cylinder  at  any  temper*" 
ture  below  the  critical  temperature  of  the  liquid.  As  soon  u 
the  liquid  comes  in  contact  with  the  air,  the  greater  portion  of  it 
is  at  once  turned  into  vapor.  The  heat  necessary  for  Wl 
transformation  is  absorbed  largely  from  the  carbon  dtorid* 
itself,  and  so  far  cools  a  portion  of  this  that  it  assumes  the  soli'' 
state,  although  its  temperature  in  this  condition  is  —  78.2°. 

The  solid  carbon  dioxide  is  a  white  snow-like  substance  whiii 
is  very  convenient  for  use  as  a  cooling  agent,  since  we  can  w 
easily  get  with  it  the  definite  temperature  of  —78.2°.  In  order 
to  secure  better  thermal  contact  with  the  substance  to  be  cooled, 
it  is  commonly  mixed  with  ether.  By  diminishing  the  presaiw 
upon  the  carbon  dioxide,  temperatures  lower  than  —78.2°  niBJ 
be  obtained.  In  this  way  by  causing  it  to  evaporate  in  a  vacuuiUj 
a  temperature  of  —  100°  may  be  reached. 

Carbon  dioxide  oc<mrs  in  nature  in  very  large  quantities.  The 
air  contains  three  to  four  parts  of  this  substance  to  ten  thousand 
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ots  by  volume.  It  escapes  in  great  volumes  from  volcanoes, 
ineral  wells  and  springs,  and  at  various  places  on  the  earth  it 
Bues  in  an  almost  pure  state  from  fissures.  It  is  formed  during 
be  breathing  of  animals  and  in  the  fermentation  and  decay  of 
vganic  substances.  It  may  be  prepared  by  burning  carbon  or 
my  carbonaceous  material  in  an  excess  of  oxygen  or  of  air;  or 
)y  heating  limestone,  calcium  carbonate,  CaCOs,  in  lime  kilns 
rhere  it  breaks  down  into  calcium  oxide,  CaO,  and  carbon  diox- 
ie,  COa; 

CaCOs  ?±  CaO  +  CO, 

r  by  the  action  of  an  acid  upon  a  carbonate.  The  car- 
on  dioxide  which  in  put  on  the  market  in  the  liquid  form  is  very 
krgely  obtained  from  lime  kilns  and  from  the  fermentation 
'ats  of  the  breweries.  The  ordinary  laboratory  method  for  its 
Kreparation  is  to  place  some  pieces  of  marble,  which  is  a  very 
nue  form  of  calcium  carbonate,  in  a  flask  and  allow  hydro- 
diloric  acid  to  run  slowly  upon  them.  Under  these  conditions 
Sie  carbon  dioxide  is  given  off  in  a  steady  stream, 

CaCOa  +  2HC1  =  CaCU  +  CO2  +  H2O 

Bemg  heavier  than  air  and  not  very  soluble  in  water,  it  may  be 
collected  either  by  the  displacement  of  air  or  over  water.  Carbon 
dioxide  is  neither  a  supporter  of  combustion  nor  of  animal  Ufe. 
Air  containing  4  per  cent,  of  carbon  dioxide  will  extinguish  a 
<^(ile  flame,  but  will  support  respiration  for  a  short  time.  Since 
carbon  dioxide  is  heavier  than  air  and  is  being  gradually  given 
^  by  the  earth,  it  often  accumulates  in  old  wells,  cellars,  cisterns, 
etc.,  in  quantities  sufficient  to  render  it  dangerous  to  persons 
entering  such  places.  The  presence  of  carbon  dioxide  in  danger- 
3118  quantities  may  be  easily  detected  by  the  lowering  of  a  lighted 
antem.  If  the  flame  is  extinguished  no  one  should  enter  until 
he  excavation  has  been  thoroughly  ventilated. 

It  dissolves  in  its  own  volume  of  water  at  ordinary  tempera- 
ures  and  the  solubility  follows  Henry's  law. 

The  solution  has  a  feebly  acid  reaction  and  contains  the  very 
nstable  substance,  carbonic  acid,  H2CO3.  This  is  a  very  weak 
ibasic  acid  which  forms  two  series  of  salts,  the  normal  and 
[le  acid  carbonates.  Because  of  the  weakness  of  carbonic  acid, 
[le  easily  soluble  normal  salts  are  rather  strongly  hydrolyzed  and 


irbonatf,  the  carbonic  nai 
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are  alkaline  In  reaction;  and  the  so-called  acid  salts  are  almc 
neutral  in  their  reaction.  The  most  abundant  naturally  nM 
ring  carbonate  is  that  of  calcium,  CaCOj.  Sodium  carliotaU  ^ 
NatCOj,  is  manufactured  in  enormous  quantities  from  sodiin 
chloride,  and  is  a  very  important  chemical.  Sodium,  potassiui  v3 
and  ammonium  carbonates  are  soluble  in  water.  Most  of  tin 
other  carbonates  are  not  soluble. 

When  an  acid  is  poured  on 
formed  decomposes  at  once  wit 
escape  of  carbon  dioxide.  Such  ai 
ate  but  does  not  jjrove  its  pre; 
sulfites  and  sulfides,  for  example 
test  for  carbon  dioxide  is  the  fo, 
of  calcium  carbonate  when  it  i 
water,  which  is  a  solution  of  caU.  a  hydroxide  in  water,  Tlie 
carbon  dioxide  is  tirst  dissolved  by  the  water  forming  carbonic 
acid,  which  then  reacts  with  the  calcium  hydroxide  for  the  for- 
mation of  water  and  the  difficultly  soluble  calcium  carbonate, 

CO,  +  H,0  i^  H,COa 
Ca(OH),  +  HjCO,  =  CaC03  +  HaO 

Because  of  the  fact  that  carbon  dioxide  will  combine  with  wati^r 
for  the  formation  of  carbonic  acid,  it  is  often  called  carbonic 
anhydride. 

Circulation  of  Carbon.— During  the  breathing  of  animals 
oxygen  is  taken  up  from  the  air  in  the  lungs  forming  an  un- 
stable compoiiiid  willi  the  hemoglobin  of  the  blood.  It  is  then 
carried  to  ail  parts  of  the  body  and  gradually  oxidizes  the  com- 
plex compounds  contained  therein,  forming  carbon  dioxide  m 
one  of  the  products;  this  is  carried  by  the  blood  to  the  lunga 
and  there  given  up  to  the  air  and  expired.  In  the  dark 
practically  this  same  process  takes  place  in  plants,  but  in  the 
light  those  plants  which  contain  green  coloring  matter  in  their 
leaves  are  able  to  bring  about  the  reverse  change,  partially 
breaking  up  the  carbon  dioxide  absorbed  from  the  air,  liberating 
a  part  of  its  oxygen  in  the  free  state  and  combining  the  residue 
with  water  for  the  formation  of  complex  compounds  of  which 
the.  sugars,  starches,  and  celluloses  are  prominent  examples. 
These  compounds  are  food  for  plants  as  well  as  for  all  animabr 
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fcich  live  directly  or  indirectly  upon  them.  This  decomposition 
carbon  dioxide  and  the  building  up  of  complex  compounds  from 
takes  place  only  under  the  simultaneous  influence  of  chloro- 
lyl,  the  green  coloring  matter  of  plants,  and  of  light.  It  is 
companied  by  the  absorption  of  a  great  amount  of  energy 
»ich  is  obtained  from  the  light  of  the  sun.  The  energy  bo 
Sorbed  is  given  out  once  more  when  these  complex  compounds 
rn,  decay,  or  oxidize  in  the  bodies  of  animals;  and  so  the  ulti- 
ite  source  of  the  energy  of  animals  and  of  all  engines,  which 
e  driven  by  the  burning  of  wood  and  other  vegetable  products, 
the  light  of  the  sun.  Coal  has  been  formed  by  the  partial 
composition  of  vegetable  organisms,  and  the  energy  obtained 
^m  it  was  originally  absorbed  by  these  organisms  from  the 
^t  of  the  sun;  so  the  steam  engine  of  to-day  is  really  driven  by 
le  energy  of  the  sunlight  of  thousands  of  years  ago. 
By  this  cycle  of  changes,  carbon  dioxide  is  successively  taken 
J  from  and  given  back  to  the  air,  and  thus  there  is  in  nature  a 
irt  of  circulation  of  carbon.  The  energy,  however,  accorapany- 
g  these  transformations  apparently  does  not  move  in  any  such 
'cle;  that  given  out  during  the  decomposition  of  the  complex 
)mpounds  ia  not  available  for  the  re-formation  of  these  sub- 
ances,  and  this  change  can  take  place  only  with  the  influx  of 
fresh  supply  of  energy  from  the  sun.  We  are  to  think  of  the 
lergy  relationships  in  the  following  way:  A  stream  of  energy 
^mes  to  the  earth  in  the  sunlight;  a  very  small  part  of  this  is 
bsorbed  by  the  green  plants  and  stored  as  chemical  energy  in 
3e  form  of  complex  carbon  compounds,  which  are  available  for 
se  as  foods,  or  combustibles,  and  so  furnish  us  with  the  greater 
art  of  the  energy  which  we  employ  The  other  sources  of 
lergy  which  man  employs,  water  power  and  the  wind,  arc 
ially  dependent  upon  the  sun,  so  that  we  owe  practically  all 
our  stores  of  available  energy  to  this  body. 
Photochemical  Action. — Red  and  yellow  light  rays  are  prac- 
;aUy  the  only  ones  which  have  any  influence  on  the  reactions 
Kicb  take  place  in  plants;  while  in  the  photochemical  changes  in 
lotographic  plate,  the  red  rays  are  almost  inactive  and  blue, 
een  and  violet  produce  (jjost  of  the  effect.  From  these  and 
milar  instances,  it  foJIowa  jjiat  every  kind  of  light  can  produce 
me  kind  of  chemieai  cti^      ,, 
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Caibon  Monoxide. — Carbon  monoxide  is  a  gaseous  aubsfano 
which  is  formed  when  coal  is  burned  in  a  limited  supply  of  air 
It  may  also  be  prepared  by  the  action  of  carbon  at  a  high  tern 
perature  upon  carbon  dioxide.  The  carbon  monoxide  bums  ii 
the  air  with  a  pale  blue  flame,  and  it  is  the  burning  of  this  sub 
stance  which  produces  the  blue  flames  that  are  so  commonly  sea 
at  the  top  of  a  hard  coal  fire.  The  chemical  changes  taking  plue 
in  BUch  a  fire  are  mainly  as  follon'S:  When  the  air  first  comes ii 
contact  with  a  hot  carbon  at  the  bottom  of  a  firebox,  carbcs 
dioxide  is  formed,  which,  passing  up  through  the  body  of  the  coii, 
is  reduced  to  carbon  monoxide;  this  burns  when  it  comes  in 
contact  with  the  air  at  the  surface  of  the  fire.  The  equations  fot, 
the  reactions  are  as  follows,  j 

C  +  Oi  =  COi  and  C0»  +  C»=i2C0  ' 

These  reactions  take  place  on  a  large  scale  in  the  manufacture 
of  "producer  gas"  for  fuel  and  power  purposes,  see  p.  250,  ui 
also  in  the  iron  blast  furnace. 

When  steam  is  passed  over  highly  heated  carbon,  carbon  moo- 
oxide  and  hydrogen  are  produced  as  shown  in  the  equation 
C  +  H,0  =  CO  +  H, 

This  is  one  of  the  reactions  which  takes  place  in  the  technically 
important  process  for  making  what  is  known  as  water  gas.  Tliii 
will  be  discussed  in  some  detail  later,  see  p.  250. 

Carbon  is  an  excellent  reducing  agent  and  is  much  employed 
for  this  purpose  in  the  extraction  of  metals  from  their  ondes- 
When  this  change  takes  place  at  a  high  temperature,  u  '^ 
usually  the  case,  carbon  monoxide  is  formed.  The  equation  (M 
the  reduction  of  zinc  oxide  is 

ZnO  +  C  =  Zn  +  CO 

Carbon  monoxide  is  often  prepared  by  heating  oxalic  acid,  * 
white  crystalline  substance,  whose  formula  is  HiCiO*,  wi'*' 
sulfuric  acid.  Under  these  conditions  the  oxaUc  acid  decompoaei 
into  carbon  dioxide,  carbon  monoxide  and  water, 

H,C,0,  =  CO,  +  CO  +  H,0 

The  carbon  dioxide  is  removed  by  passing  the  mixture  of  gssd 
through  a  strong  solution  of  sodium  hydroxide.     Formic  aci' 


ited  with  Bulfuric  acid  breaks  down  into  water  and  carbon 
•noxide, 

HCOOH  =  CO  +  H,0 
this  reaction  and  that  of  oxalic  acid  the  sulfuric  acid  appar- 
tly  does  nothing  except  take  up  the  water  formed. 
Properties. — Carbon  monoxide  is  a  colorless,  tasteless  gas  with 
very  faint,  peculiar  odor,  very  slightly  soluble  in  water.  Ita 
ileculsr  weight  28,  critical  temperature— 140°  boiling  point  — 
\f  are  nearly  the  same  as  those  for  nitrogen.  Carbon  monoxide 
U  combine  directly  with  oxygen,  chlorine,  and  many  other  aub- 
inces.  With  oxygen,  carbon  dioxide  is  formed  with  the 
olution  of  much  heat,  making  it  an  excellent  fuel.  It  combines 
th  chlorine  forming  the  substance,  COCli,  carbonyl  chloride 
phosgene.  This  combination  takes  place  when  carbon  monox- 
e  and  chlorine  are  exposed  to  sunl^ht,  or  when  a  mixture  of 
e  two  gases  is  passed  over  animal  charcoal  which  acts  as  a 
>t«dyzer. 

Carbon  monoxide  is  a  powerful  reducing  t^nt.  The  reduc- 
OD  of  iron  oxide  to  metallic  iron  by  this  gas  takes  place  on  an 
lonnous  scale  in  the  blast  furnace.  The  reaction  may  be 
presented  by  the  following  equation : 

Fe,Oi  +  SCO  =  2Fe  +  SCO, 

Carbon  monoxide  is  extremely  poisonous.  This  is  connected 
ith  the  fact  that  it  will  combine  with  the  hemt^lobin  of  the 
lood  to  form  a  very  stable  compotmd  which  is  unable  to  take 
p  the  oxygen  of  the  air.  So  poisonous  is  carbon  monoxide  that 
W  c.c.  of  the  gaseous  substance  will  be  sufficient  to  kill  an 
verage  man. 

Carbon  Disulfide. — When  charcoal  is  heated  to  a  rather  high 
^perature  in  the  vapor  of  sulfur,  the  elements  combine  forming 
n  ea^y  volatile  liquid  substance,  called  carbon  disulfide,  CSi. 
lui  substance  is  now  manufactured  on  a  large  scale  in  electric 
iniacea  (Fig.  41).    It  is  a  colorless  liquid  whose  boiling-point 

46°.  It  has  a  very  high  index  of  refraction  for  light.  When 
erfectly  pure  it  has  a  pleasant  ethereal  odor;  the  commercial 
ftide,  however,  contains  impurities  which  gives  it  a  very 
lUgreeable  smell.  It  is  an  excellent  solvent  for  sulfur,  iodine, 
tioephorus,  rubber,  resins,  and  fats  and  hence  finds  extensive  use 
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in  the  arts  and  manufacturea.     A  mixture  of  carbon  disulfil  :^ 
vapor  and  air  is  violently  explosive  and  is  remarkable  forthcful  ^ 
that  ignition  takes  place  at  temperatures  as  low  as  260°.   Ol 
this  act'ount  even  greater  care  must   be  taken  in  handling  ttii  ^ 
substance  than  is  used  with  gasoline. 

Nitrogen  Compounds  of  Carbon.— At  the  very  high  temper*- 


ture  of  the  electric  arc,  car" 


pout 
atanLcT 
mercu 
breaks  i 
cyauogL 


itrogen  will  combine  direcllff 
ormation  of  a  gaseous  «HM 
anogen,  CiNj.  This  mm 
;  also  be  obtained  by  heatiffi 
cyanide,  Hg(NC),,  ThW 
vn  into  metallic  mercury  wJ 
as  shown  in  the  eqiiatioD, 

(NC),  =  Hg  +  CiN, 


Cyanogen  is  a  colorless  gas,  havinl 
a  peculiar  pungent  odor  resembling 
that  of  peach  kernels;  it  is  exceeding!)' 
poisonous  and  burns  in  the  air  witli 
characteristic  red-violet  flame,  forming 
carbon  dioxide  and  nitrogen.  11* 
stability  at  high  temperature  is  due 
its  being  formed  from  the  elements 
with  the  absorption  of  heat, 

C'hemically,  cyanogen  resembles  fp 
J  I  halogens.     It  forms   a   series  of  salt'  1 

called  cyanides,  which  are  similar  to  the  I 
chlorides,  but  contain  the  group  NC,  instead  of  chlorine.     Silvtf  ^ 
cyanide,  for  example,  is  a  difficultly  soluble  white  substance,  which  j 
is  very  much  like  silver  chloride  in  its  general  properties.     From 
these  salts,  hydrocyanic  acid  or  prussic  acid,  HNC,  may  be  easily  < 
obtained  by  the  addition  of  a  less  volatile  acid  and  distilling- 
It  is  a  colorless  liquid  which  boils  at  27°  and  has  a  very  stronS  ; 
odor  like  that  of  peach  pits.     It  is  one  of  the  weakest  acidB-  , 
On  this  account,  the  soluble  cyanides  react  strongly  alkaline  ' 
when  in  solution  in  water,  owing  to  hydrolysis.     Hydrocyanic 
acid    and    the   cyanides   are   extremely   poisonous   substances. 
The  poisonous  effect  of  the  peach  pits  is  due  to  hydrocyanic 
acid  formed  by  the  action  of  water  upon  a  substance  called 
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ygdalin  which  is  in  the  pit.  Not  only  is  hydrocyanic  acid 
•oison  toward  animals,  but  it  will  also  stop  or  "poison"  the 
ion  of  many  catalyzers,  and  it  is  thoi^ht  that  perhaps  the 
sonous  action  of  this  substance  on  animals  is  due  to  its  stop- 
g  the  catalytic  processes  which  are  going  on  within  them, 
i^yanates. — Cyanides  are  good  reducing  agents,  and  when 
dized  often  form  compounds  called  cyanates,  potassium 
Loate,  KNCO,  for  example,  ie  formed  by  cautiously  oxidizing 
:.assium  cyanide,  KNC,  Cyanic  acid,  corresponding  to  these 
mates  is  very  unstable.  It  is  a  colorless  liquid  with  a  strong 
ell  resembling  that  of  acetic  acid. 

rhyiocyanates. — When  a  cyanide  is  heated  with  sulfur,  the  two 
i)Stances  combine  to  form  a  thiocyanate.  These  correspond 
the  cyanates.  The  formation  of  potassium  thiocyanate, 
SCS,  is  shown  in  the  following  equation, 

KNC  +  S  =KNCS 

ae  thiocyanates  are  used  as  reagents  for  detecting  the  ferric 
Itfl  with  which  they  give  an  intense  red  coloration. 
The  Hydrocarbons. — Several  hundred  compounds  of  carbon 
id  hydrogen  have  been  described.  For  purposes  of  classifica- 
on  and  as  an  aid  in  getting  a  comprehensive  view  of  their  rela- 
DQs,  they  have  been  divided  into  several  series  according  to  the 
imposition  and  general  properties  of  the  substances.  The 
riocipal  series  is  that  known  as  the  Marsh  Gas  or  Paraffin  series, 
od  the  simplest  member  of  this  is  marsh  gas  or  methane.  This 
cries  is  distinguished  by  the  fact  that  in  all  the  compounds 
■elonging  to  it  carbon  has  a  valence  of  4 — the  highest  valence 
rhich  it  is  capable  of  taking  on.  For  this  reason,  the  members 
i  this  series  are  sometimes  called  the  saturated  hydrocarbons, 
^igute  42  gives  the  names  and  formulas,  and  indicates  the  melt- 
n|-  and  boiling-points  of  some  of  the  more  important  of  the  lower 
^tnbers  of  the  normal  paraffins. 
An  inspection  of  this  figure  will  show  that  the  boiling-  and 
nelting-points  of  these  hydrocarbons  increase  as  they  become 
■Wra  complex.  It  will  be  noticed,  too,  that  the  formula  for  each 
iMeeding  member  of  the  aeries  differs  from  that  of  the  one  which 
"at  precedes  it  by  CHj.  A  series  of  carbon  compounds  which 
ft  related  to  one  another  in  this  way  is  called  a  homologous 
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series.  The  members  of  such  a  series  have  similar  propertifl 
which  gradually  change  with  the  composition  of  the  compouoit 
The  change  in  the  boiling-points  of  the  compounds  shovrn  il 
the  figure  is  an  illustration  of  this.  Most  of  these  hydroca^ 
bons  occur  in  nature  in  large  quantities,  the  majority  of  tiieo 
being  found  in  crude  petroleum,  while  methane  and  ethane  an 
present  in  natural  gas. 
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Crude  Petroleum. — Crude  petroleum  or  "oil"  is  found  in 
many  places  in  the  United  States,  in  Ontario,  in  Baku  on  tbf 
Caspian  Sea,  in  Roumania,  in  India,  and  in  Japan.  This  oil  is' 
mixture  of  a  great  many  substances,  but  principally  of  hydroW 
bons,  and  usually  consists  very  largely  of  the  hydrocarbons  of  the 
marsh  gas  series.  In  oil  refining,  for  commercial  purposes,  W 
attempt  is  made  to  prepare  pure  substances  from  the  oil,  but  Uk 
more  volatile  portions  are  distilled  off  and  separated  into  frsfr 
tions  according  to  their  density  and  adaptability  for  partieulK 


•ses.  The  following  table  gives  the  name,  approxinuite 
ooentB,  density,  and  uses  for  some  of  the  more  conimoD 
Lcts. 

Some  Comuercial  Fetroleuu  Proddcts 


.-^ 

Clii.1    ooMtituent 

Demity 

V^ 

0.6222 

0.6611 

0.722-0.737 

0. 745-0. 824 

0.791-0.824 

iM 

sne 

Noiiane,decBne,  etc... 

aryengiiiM. 
niuminating ;  fud ;  »nd 
atfttionarjr  enpnM. 

e  residue  left  after  removing  these  subetanceB  is  then 
led  in  a  current  of  steam.  Some  of  the  higher  boiling 
lets  which  come  over  imder  these  conditions  are  used 
jbricating  oils,  but  must  first  be  purified  from  the  solid 
bers  of  the  series  by  cooling  to  a  low  temperature  and 
ing  with  the  aid  of  filter  presses.  The  solid  substances  so 
ed  constitute  what  is  known  as  paraffin,  while  the  low 
Qg  product,  which  is  salve-like  at  ordinary  temperatures,  is 
I  vaseline.  The  final  residue  left  in  the  retort  is  used  as 
lit.  Natural  asphalt  is  a  mixture  of  hydrocarbons  which 
s  in  nature.  Just  how  these  hydrocarbons  are  formed 
ture  is  not  known,  but  they  have  probably  been  produced, 
>8t  cases  at  any  rate,  by  the  partial  decomposition  of  animal 
vegetable  organisms,  although  it  is  possible  that  they  may 
resulted  from  the  action  of  water  upon  carbides,  compounds 
'bon  with  metals. 

et  of  the  hydrocarbons  are  rather  indifferent  chemically, 
are  not  acid  like  hydrogen  chloride  nor  basic  like  ammonia, 
of  course  burn  in  oxygen,  forming  carbon  dioxide  and  water, 
eact  with  chlorine  or  bromine  to  form  compounds.  When 
d  to  a  very  high  temperature  they  all  show  a  tendency  to 
:  down  into  hydrogen,  carbon  and  mmpler  hydrocarbons 
ining  a  relatively  smaller  amount  of  carbon.    The  process 
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is  technically  known  aa  "cracking"  and  is  now  used  on  a  Iwp  ~ 
scalt;  to  increase  the  yield  of  gaaohne. 

Methane.— Methane  or  marsh  gas,  CHi,  is  the  first  raemlxTd 
the  paraffin  series.  It  is  the  principal  constituent  of  natun 
gas.  It  is  formed  during  the  decay  of  vegetable  matter  in  thi 
bottom  of  ponds  and  marehes,  and  to  thia  fact  it  owes  its  name, 
marsh  ^89.     It  is  found  in  able  quantities  in  coal,  and 

since  its  mixture  with  air  m  ive,  it  ia  one  of  the  caiistt 

of  the  disastrous  coal  mine  c  ms.     When  found  in  niiuB 

it  is  often  called  "fire-da  le  miners,  while  the  cariHin 

dioxide,  which  is  formed  «n  irns  and  is  left  in  the  mil* 

after   an  explosion,  is  called  -damp."     The  critical 

perature  of  methane  is  -82"  i  critical  pressure  56  atmofr 

phcres;   ita   boiling-point   ia  Because   of   its   very  lof 

critical  temperature,  the  methu  f  natural  gas  doea  not  eiisl 
in  the  depths  of  the  earth  in  a  liquid  condition,  but  is  present 
simply  as  a  highly  compressed  gas,  filling  the  pores  of  the  rocks. 

The  origin  of  methane  found  in  nature  is  as  much  in  doubt  u 
that  of  tlie  other  hydrocarbons,  but  the  probabilites  are  that  it 
was  formed  by  the  decomposition  of  organic  matter.  It  may  be 
made  by  the  action  of  water  upon  aluminum  carbide, 

Al,C:,  -f  12HaO  =  4A]{0H),  +  3CH, 

and  it  is  possible  that  a  part  of  the  methane  has  been  produced 
by  this  reaction.  In  ihe  laboratory  the  gas  is  usually  prepared 
by  distilling  a  dry  mixture  of  sodium  acetate  and  sodium  hy- 
droxide.    Tlie  equation  for  the  reaction  is  as  follows, 

NaCiRjOj  -I-  NaOH  =  Na,CO,  -|-  CH, 

Methane  bums  in  the  air  forming  carbon  dioxide  and  waWf- 
The  flame  has  very  liltle  luminosity,  unless  used  with  a  Wei*- 
bach  mantle  composed  of  the  oxides  of  cerium  and  thorium. 
Becauae  of  the  great  amount  of  heat  which  is  produced  during 
the  combustion,  methane  is  very  valuable  for  fuel  and  in  tli 
form  of  natural  gas  is  much  used  for  this  purpose.     Aa  will  be  1 
seen  by  the  following  equation,  CH,  -|-  20»  =  COj  -|-  2HiO  \ 
one  volume  of  methane  will  require  two  volumes  of  oxygen  or  1 
ten   volumes  of   air   for   complete  combustion.     The  exploMve 
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IVi^alities  of  a  mixture  of  gius  and  air  arc  utilized  as  a  source  of 
**Xergy  in  the  gas  engine. 

When  a  mixture  of  chlorine  and  methane  is  exposed  to  sun- 
Bpht  the  four  combining  weights  of  hydrogen  are  successively 
■^ilaced  by  the  chlorine  forming  the  following  series  of  com- 
P^vimds: 

I.  Methyl  chloride CHiCl 

L  Methylene  chloride CHjClj 

F  Chloroform CHCli 

f  Carbontetrachloride CCU 


other  product  of  each  of  these  reactions  is  hydrogen  chloride, 
are  not  ionized  when  dissolved  in  water  and  hence  are  not 
pifclta.  Chloroform  is  perhaps  the  most  important  of  these 
ItaibBtances  and  is  generally  prepared  by  the  action  of  bleaching 
Btowder  upon  ordinary  alcohol.  It  is  a  colorless,  easily  volatile 
Squid  which  is  used  as  a  solvent  and  as  an  anesthetic.  Carbon 
^tetrachloride  is  now  being  manufactured  on  a  large  scale,  but  not 
[^diiectly  from  methane.  It  is  a  valuable  solvent  and  finds 
^•SKiaiiy  applications  as  such,  being  used  as  a  substitute  for  gaso- 
Jifine  in  dry  cleaning,  because  it  has  the  great  advantage  that  it  is 
Fx3u>t  inflammable.  In  fact  it  is  now  being  used  as  a  fire  ex- 
l  "tinguisher  and  is  about  the  only  thing  beside  carbon  dioxide 
i:  '^hich  will  put  out  a  gasoline  fire. 

Kadicals. — ^A  study  of  the  derivatives  of  methane  reveals  the 
cnstence  of  a  series  of  compounds  which  have  the  common 
tiuo'acteristic  that  their  formulas  can  be  so  written  that  each 
contains  a  CH,  group,  CH,C1,  CHjBr,  CH3I,  CH,OH,  (CH,)20. 
^en  these  compounds  imdergo  certain  transformations  the 
(^Hs  group  seems  to  pass  unaltered  from  compound  to  com- 
pound and  so  acts  like  a  chemical  individual,  being  like  the 
^Ounonium  ion  in  this  respect.     A  group  which  behaves  in  this 
^y  is  called  a  radical,  and  this  particular  group,  CHs,  is  known 
^  the  methyl  radical.    A  study  of  the  chemistry  of  the  carbon 
impounds  shows  that  we  have  to  do  with  a  large  number  of 
^ch  radicals.    For  example,  each  member  of  the  paraffin  series 
^Vill  form  a  monovalent  radical,  which  contains  one  less  atomic 
Mreight  of  hydrogen  per  mole  than  the  hydrocarbon  from  which 
it  was  formed.    Ethane,  CsHq,  forms  the  ethyl  radical,  CsHs, 

16 
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propane,  CjH*,  yieldB  the  propyl  radical,  CjHi,  etc.  Thd 
radicals,  which  we  have  been  considering  are  not  ions,  and  hii 
the  remarkable  property  of  being  able  to  combine  with  alma 
any  element  or  radical  irrespective  of  the  electrical  character  i 
the  substance.  For  example,  the  ethyl  radical  will  comla 
iwith  sodium  to  form  sodium  ethyl,  C,HsNa,  or  with  chlorii 
forming  ethyl  chloride,  C  ■"  C!  1  yet  sodium  may  be  consideli 
a  typical  clpctropositive  elei  ,  while  chlorine  seems  to  1 
decidedly  elect oruegative,  s  ast  in  the  chlorides.  Th 
tendency    toward    universal  bination    exhibited    by  tha 

radicals  is  apparently       p  causes  for  the  great  variet 

of  carbon  compounds.  liyl  radical,  for  example,  iri 

combine   with    chlorine,    bi^  ,    or   iodine,    forming  metbt 

chloride,   bromide,    or  itb   the   hydroxyl,    pro(iucin| 

methyl  alcohol,  CHjOH  oxygen  yielding  methyl  eth< 

(CHi)jO.  If  no  other  substance  is  present  for  it  to  combiB 
with,  one  methyl  radical  will  combine  with  another  to  form  4(1 
compound  CH,  —  t'Hi  orCjHg,  which  is  ethane,  and  this  in  tun  1 
will  yield  the  ethyl  radical,  CjHs,  which  under  the  proper  condi- 
tions will  combine  with  a  methyl  radical  to  form  the  compound, 
CjHsCHj,  or  CiHj,  which  is  propane,  the  third  member  of  the 
group.  Proceeding  in  this  way,  practically  the  whole  serio 
of  paraffin  hydrocarbons  has  been  built  up  and  consequently 
they  all  may  be  regarded  as  derivatives  of  methane. 

Other  Hydrocarbon s.^ — Among  the  hundreds  of  hydrocarbon!, 
mention  may  be  made  of  benzene,  CeHj,  and  toluene,  C«HiCHi. 
These  are  obtained  by  the  distillation  of  coal  and  are  of  gre»t 
importance  because  they  are  the  starting-points  for  the  pf^ 
ration  of  a  great  many  very  useful  substances.  From  benieM 
we  may  make  carbolic  acid,  CtHjOH,  aniline,  CsH^NHi,  and 
the  aniline  dyes.  Toluene  yields  among  other  compoundl^ 
trinitrotoluene,  CoH2(NOi)!,CHj,  which  is  a  powerful  explosiTe. 
Types  of  Carbon  Compounds. — The  principal  carbon  com- 
pounds with  which  we  shall  have  to  deal  may  be  divided  intoi 
few  well-marked  types;  the  hydrocarbons,  which  we  have  ah-eady 
discussed,  alcohols,  ethers,  aldehydes,  acids,  eaters  and  cart* 
hydrates.  The  following  table  gives  the  general  formulas  fw 
these  compounds.  In  this  table  "R"  stands  for  any  monovalenl 
radical,  and  "A"  for  the  anion  of  a  monobasic  acid. 


Tn>. 

Qaunl  formuUa 

Tbotu 

RH 

IW) 

Alcohols. — The  first  member  of  the  alcobd  group,  methyl 
m1  alcohol,  CHtOH,  is  one  of  the  by-products  obtained  in 
itructive  distillation  of  wood  for  chucoal.  It  is  a  oolor- 
uid,  which  boils  at  66°.  It  is  valuable  as  a  fuel  and  as  a 
r.  It  is  decidedly  poisonous  and  is  largely  used  in  the 
itate  to  mix  with  ethyl  alcohol  for  the  production  of  the 
id  denatured  alcohol. 

molecular  weight  and  analysis  of  methyl  alcohol  show  that 
.ains  per  molecule  one  atom  each  of  carbon  and  oxygen 
lur  of  hydrogen.  Experience  teaches  that  one  of  the 
ens  is  difiFerent  from  the  others,  because  sodium  will 
:  only  one,  fornung  the  methylate,  CHjONa,  and  further 
^drochloric  acid  will  react  with  the  alcohol,  yielding  water 
ethyl  chloride,  CH»C1.  To  represent  the  action  with 
.,  one  of  the  hydrogens  must  be  written  differently  from 
lers,  say  HCHiO;  but  the  action  with  the  acid  suggests  a 
H 
I 
ide,  and  the  formula,  CHiOH  or  H — C — OH,  indicates 

ctions,  and  the  latter  is  called  the  structural  formula  for 
alcohol.  In  a  similar  way,  the  properties  of  other  com- 
I  are  studied,  and  structural  formulas  devised  to  represent 


1  alcohol,  CaH(OH,  or  grun  alcohol  as  it  is  called,  is 
by  the  action  of  an  enzyme  or  catalyzer  produced  by 
ipon  sizars,  CtHijOf.     The  process  is  called  fermentation 
3  equation  for  the  reaction  is  as  follows : 
C,H„0,  =  2C,H(0H  +  2C0, 


244 


GENERAL  CHEMISTRY 


The  alcohol  bo  formed  may  be  largely  separated  from  the  wall 
by  distillation,  the  alcohol  passing  over  first  since  its  boiling-pM 
ia  78.3°.  The  alcohol  of  commerce  cODtaina  about  95  pei  cm 
by  volume  of  alcohol  and  5  per  cent,  of  water.  It  is  not  possili 
to  separate  these  two  substances  completely  by  distillation,  aiu 
they  form  a  minimum  boiling  mixture,  boiling  at  78.15' 
coDtaining  4.43   per   cent.  ter.     (See   hydrogen  chlori 

and  water.)     Absolute  alcohol        •  from  water  may  be  obti 


by  adding  unslaked  lime  to 
combines  with  the  water  to  f 
action  is  complete,  the  a 
density  of  alcohol  at  25° 
an  extremely  useful  soh 
cultly  soluble  in  water, 
tion  of  medicines.    Deii<»u 


>  per  cent,  alcohol.  Thelij 
Icium  hydroxide,  and  after' 
)hol  may  be  distilled  off.  T\ 
Alcohol  is  a  valuable  fuel 
.ny  substances  which  are  (iifl 
ely  employed  for  the  prepaB 
cohol  is  95  per  cent,  alcol: 


mixed  with  some  substance  which  cannot  be  readily  separatei] 
from  the  alcohol  and  which  will  render  it  totally  unfit  for  useasM 
beverage.  A  very  commonly  used  formula  is  89.5  per  cent 
grain  alcohol,  10  per  cent,  wood  alcohol  and  0.5  per  cent.  beiiaiib| 
Such  alcohol  is  exempt  from  the  payment  of  any  internal  revenB*; 
tax,  and  is  consequently  much  cheaper  than  the  pure  article,  ani 
so  finds  extensive  application  in  the  arts. 

The  Ethers. — The  general  formula  for  these  substances  ia  RiO. 
Ethyl  ether,  {Cill6)t0,  is  the  best  known  and  by  far  the  meet 
important  member  of  this  group.  It  is  prepared  by  heating* 
mixture  of  ethyl  alcohol  and  sulfuric  acid  to  140°.     The  equationil 


2C5ri60H  -  (CsHOiO  +  H,0 


The  sulfuric  acid  acts  as  a  catalyzer  and  will  change  many  tinW 
its  own  weight  of  alcohol  inio  ether.  Ethyl  ether  is  a  colorlea 
liquid  boiUng  at  34.6°,  It  is  used  as  solvent  for  fats,  etc,  andu 
an  anesthetic. 

The  Aldehydes. — The  general  formula  for  the  aldehydes  > 
RCOH.  These  substances,  in  general,  may  be  formed  by  thf 
partial  oxidation  of  the  alcohols.  The  first  member  of  the  eenH 
is  formaldehyde,  HCOH.  In  this  case  hydrogen  takes  the  plfW 
of  the  "R"  in  the  general  formula.  Formaldehyde  is  produce 
by  the  incomplete  combustion  of  methyl  alcohol  when  the  vapon 
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is  substance  mixed  with  air  come  in  contact  with  platinum 
e  or  platinized  asbestos.  Formaldehyde  is  gaseous  at  ordi- 
temperatures,  the  boiling-point  being  —21°;  it  has  a  very 
;ent,  irritating  odor,  is  quite  soluble  in  water  and  is  put 
1  the  market  in  a  40  per  cent,  solution,  known  as  formalin. 
1  the  solution  and  the  gaseous  substance  are  powerful  germi- 
B  and  are  used  as  disinfectants. 

he  Acids. — The  general  formula  for  the  organic  acids  is 
OOH.  These  substances  are  numerous  and  important. 
I  first  member  of  the  series  is  formic  acid,  HCOOH.  As 
I  the  case  with  formaldehyde,  in  the  formic  acid  the  hydro- 
.  takes  the  place  of  "R"  in  the  general  formula.  Sodium 
mate,  HCOONa,  is  made  by  passing  carbon  monoxide  over 
ited  sodium  hydroxide,  the  equation  being 

CO  +  NaOH  =  HCOONa 

im  this  salt,  the  acid  may  be  obtained  by  distilling  it  with 
ate  sulfuric  acid;  concentrated  sulfuric  acid  decomposes 
inic  acid  into  water  and  carbon  monoxide.  It  is  a  colorless 
aid  boiling  at  100°,  freezing  at  8.6°.  Like  almost  all  other 
rbon  acids  it  is  a  weak  acid,  although  somewhat  stronger 
ui  acetic  acid  which  is  the  next  member  of  the  series.  In 
ite  of  the  fact  that,  as  its  formula  indicates,  it  contains  two 
Dmic  weights  of  hydrogen  per  mole,  it  is  a  monobasic  acid, 
ly  one  of  the  hydrogens  being  ionizable.  This  fact  that  the 
'drogens  differ  in  their  properties  is  expressed  by  writing  them 
different  positions  in  the  formula—HCOOH  instead  of  COOHj. 
I  indicated  by  the  general  formula  for  the  series,  the  organic 
ida  contain  the  group  COOH,  and  to  this  is  ascribed  their  acid 
tracter,  and  the  hydrogen  of  this  group  is  supposed  to  be  that 
licb  ionizes. 

Ikcetic  Acid. — ^Acetic  acid,  CHiCOOH,  is  the  second  member, 
is  formed  during  the  destructive  distillation  of  wood,  and  is 
;  of  the  valuable  by-products  of  this  process.  Large  quan- 
ies  of  the  substance  are  produced  by  the  oxidation  of  ethyl  alco* 
i  by  the  oxygen  of  the  air  with  the  aid  of  a  certain  form  of 
iteria,  known  as  B.  Aceti.  The  common  name  for  this  is 
ither  of  vinegar.  The  dilute  solution  of  acetic  acid,  formed 
the  oxidation  of  the  alcohol  contained  in  cider,  is  known  as 
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Tinegar.  Vinegar  usually  contains  4  to  5  per  cent,  acetic  « 
Pure  acetic  acid  is  a  coloriesa  liquid  which  boils  at  119°  i 
freeses  at  16.7".  It  mixes  with  water  in  all  proportions. 
has  been  mentioned  repeatedly  acetic  acid  is  a  weak  acid,  1)H!|  b  . 
only  slightly  dissociated.  Although  it  contains  four  atoni  isa 
weights  of  hydrogen  per  mole,  it  is  a  monbasic  acid,  three  of  tli  d 
four  atomic  weiglits  of  hydrogen  being  present  in  the  nietb]  !^ 
radical,  and  these  are  non-ionizable. 

The  Esters. — When  an  alcohol  is  acted  upon  by  an  arid,! 
reaction  takes  place  which  consists  in  the  formation  of  wiM  m 
apparently  from  a  combination  of  the  acidic  hydrogen  of  t 
with  the  hydroxyl  of  the  alcohol,  and  of  an  ester — a  compouili 
produced  by  the  union  of  the  radicals  from  the  acid  and  ll 
alcohol.  The  equation  for  the  reaction  between  ethyl  alcd 
and  acetic  acid  is  as  follows: 

CH,COOH  +  C,HiOHi=t  H,0  +  CH,COOCtH( 

CH»COOC»Ht  is  called  ethyl  acetate,  and  is  an  important  mM- 
ber  of  the  groiip  of  esters.  Many  of  these  are  pleasant  smellin? 
substances  and  are  largely  responsible  for  the  odors  and  flavors 
of  our  flowers  and  fruits.  In  addition  the  fats  and  veget«ble 
oils  are  esters  of  the  alcohol  glycerine,  so  one  of  our  most  imp«^ 
tant  classes  of  foods  is  composed  of  esters. 

Carbohydrates. — The  carbohydrates  are  an  extensive  group 
of  carbon,  hydrogen  and  oxygen  compounds  in  which,  with  very 
few  exceptions,  the  hydrogen  and  oxygen  are  present  in  the  same 
relative  proportions  as  in  water,  so  that  the  general  formuli 
for  nearly  all  members  of  the  group  may  be  written  C«Hi,0,- 
The  great  importance  of  this  class  of  compounds  will  be  recog- 
nized at  once  when  it  is  known  that  it  includes  sucrose  (cane  or 
beet  sugar)  C,iH«0,i,  glucose,  CeH,iO«,  starch,  (CHwOs),,  aE^l 
cellulose,  (CiHuOc),.  Cotton  and  linen  are  practically  pure 
cellulose,  and  the  woody  part  of  all  plants  consists  largely  of  tliii 
substance.  In  wood  it  is  aesociated  with  another  compour' 
called  lignin  of  unknown  composition.  If  the  wood  is  treati 
with  a  solution  of  sodium  or  calcium  acid  sulfites  the  lignin  i 
dissolved  and  the  celluSose  is  left  behind  in  fine  fibers  suitable  fffl 
making  wood  pulp  paper.    Starch  is  obtained  from  many  plaott 
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iefly  corn,  wheat,  potatoes  and  rice.  Its  importance  as  a  food 
d  for  laundiy  work  is  well  known. 

When  boiled  with  a  dilute  acid  starch  takes  up  water  and 
Koges  to  glucose;  a  thick  syrup  of  the  latter  made  from  corn 
irch  is  often  called  com  syrup.  Cane  and  beet  sugar  are  iden- 
m1;  their  source  and  general  properties  are  too  well  known  to 
iiuire  discussion  beyond  the  fact  that  when  boiled  with  dilute 
id,  water  is  taken  up  and  a  solution  of  glucose  and  fructose  is 
Fined.  This  process  is  called  inversion  of  sugar  and  the  product 
known  as  invert  sugar. 

Some  EzploBives. — The  importance  of  explosives  for  industrial 
kd  war-like  purposes  is  universally  recognized.  Besides  the  old- 
iiiioned  gunpowder  (p.  300),  and  nitroglycerine  (p.  207),  there 
my  be  mentioned  the  following:  Guncotton,  [CiiHi(04(N0i)»]., 

■  made  by  acting  on  cotton  with  a  mJxture  of  nitric  and  sulfuric 
nds.  It  is  very  explosive  and  is  used  in  making  smokeless 
owders;  one  form  of  these  is  known  as  walsrode.    It  is  made  of 

■  mixture  of  99  per  cent,  guncotton,  and  1  per  cent,  ethyl  acetate. 
■fciic  acid,  C«Hi(NOt)iOH,  is  made  by  acting  on  phenol,  i.e., 
■rboUc  acid,  (CiHtOH),  with  nitric  and  sulfuric  acids.  It  is  the 
i^dosive  known  as  lyddite.     Trinitrotoluene,  C(Hi(NOi)sCHi, 

■  made  in  the  same  way  using  toluene,  CfHiCHi,  in  place  of 
plienol.  It  is  known  as  T.N.T.  It  may  be  melted  and  poured 
into  shells.  When  it  explodes,  great  volumes  of  black  smoke 
ue  produced.  Dynamite  is  nitroglycerine  absorbed  in  some  por- 
tos materia]  such  as  finely  divided  silica,  kieselguhr  as  it  is  called. 
Kitric  acid  is  used  in  the  preparation  of  each  of  these  explosives, 
Ud  this  is  one  reason  for  its  great  industrial  importance. 

Unsatuzmted  Hydrocarbons. — The  methyl  radical  may  be 
magined  as  being  formed  from  methane  by  the  dropping  of  one 
itomjc  weight  of  hydrogen  from  this  substance.  If  two  were 
Amoved  the  divalent  radical  CHi  would  be  produced.  This 
idical  is  known  as  methylene  and  forms  a  long  series  of  com- 
ounds  similar  to  those  of  methyl,  but  differing  of  course  because 
r  the  fact  that  the  radical  is  divalent.  The  chloride,  for  ex- 
nple,  is  CHiCli.  Under  proper  conditions  two  of  these  meth- 
lene  radicals  will  combine  for  the  formation  of  the  substance 
»H4,  which  is  known  as  ethylene.     This  is  the  first  member  of 

long  teries  of  hydrocarbons,  known  as  the  ethylene  series. 
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These  compouiida  have  the  property  of  combining  directly  "ill 
two  atomic  weights  of  hydrogen  forming  members  of  the  paraM 
series.  Because  of  the  fact  that  they  are  capable  of  taking  i 
more  hydrogen  they  are  called  "unsaturated"  hydroearboa 
They  are  also  able  to  combine  directly  with  two  atomic  weigha 
of  a  halogen  per  mole  of  hydrocarbon.  Ethylene,  the  first  mr- 
ber  of  the  series,  is  formed  by  heating  ethyl  alcohol  with  sulfi 
acid  to  a  temperature  of  175°.     The  apparent  reaction  ia 

CH^OH  =  CiH,  +  HjO  I 

but  it  probably  goes  in  steps,  intermediate  compounds  Icvolring 
the  sulfuric  acid  being  formed.  It  is  a  colorless  gaseous  sub^ 
stance  and  boils  at  — 102°.  Ethylene  is  a  valuable  conatituffi' 
of  ordinary  coal  gas,  since  it  burns  with  a  strongly  luminous  flsm^ 
and  contributes  largely  to  the  luminosity  of  the  gae  when  bumai 
with  the  ordinary  lava  tip. 

Acetylene. — If  we  imagine  three  combining  weights  of  hydro- 
gen removed  from  methane,  the  trivalent  radical  CH  would  Ix 
produced.  Two  such  radicals  by  their  combination  would  tiW 
the  substance  CjHj,  or  acetylene.  This  compound  is  still  nwn 
highly  "unsaturated"  than  ethylene.  It  is  the  first  member o 
another  series  of  unsaturated  hydrocarbons,  known  as  the  acetyto 
series.  Acetylene  is  a  colorless  gas,  which  burns  with  an  intensd; 
luminous  flame.  When  burned  with  oxygen  in  a  properly  »n 
structed  burner  it  will  produce  a  very  high  temperatiu^.  P' 
is  made  of  this  in  the  metal-working  trades  for  the  autogenot 
welding  of  metals  and  also  for  the  rapid  cutting  of  steel,  etc.,  b 
burning  a  path  through  it. 

Acetylene  is  prepared  by  the  action  of  water  upon  calal 
carbide,  CaCi,  the  equation  being  as  follows: 

CaCj  +  2HiO  =  Ca(OH)j  +  CiH, 

When  mixed  with  air,  in  any  proportions  between  2.53  per  eel 
and  73  per  cent,  acetylene  will  explode.  These  hmits  are  wid 
than  for  any  other  gas.  A  mixture  of  natural  gas  and  air,  f 
example,  explodes  only  when  it  contains  from  5  to  15  per  cent 
methane,  CH,.  Liquid  or  highly  compressed  acetylene  is  explosi 
even  when  unmixed  with  air,  because  it  is  formed  from  its  e 
ments  with  the  absorption  of  much  beat;  so  if  decompoaiti 
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tarts,  the  heat  evolved  will  raise  the  temperature  and  make 
Eiction  go  faster.     This  is  the  case  with  all  explosives. 
tylene  is  very  soluble  in  ao  organic  substance  called  ace- 
;CH))iCO,  which  belongs 
roup  of  compounds  called 
tones,  which  we  have  not 
sed.      This    solution    in 
le   is   not  explosive  and 
ers   containing  it  under 
le    are   used   to   supply 
ene    for    the    Ughts    on 
lobiles  and  for  the  illumi- 
i  of  isolated  residences. 
1  Gases. — Gaseous  fuels 
f   great    importance   for 
itic    and    technical    pur-        ', 
because  they  are  clean  Mv  i 
very    easily    controlled, 
are  also  finding  a  rapidly 
sing   use  as  a  source  of 
r  in  gas  engines,  so  that 
ibject  of  fuel  gases  is  one 

Uttle   practical    impor- 

Many  different  varieties 
are  in  use  such  as  natural 
)al  gas,  wood  gas,  oil  gas, 
le  various  types  of  water 
roducer  gases.  Natural 
IS  already  been  discussed, 
and  oil  gases  are  of  rather 
i  application,  so  that  we 
levote  our  attention  at 
)int  chiefly  to  coal,  water 
roducer  gas. 

1  Gas. — Coal  gas  is  made 
ating  bituminous  coal  in 
fire  clay  retorts,  Fig.  43.  It  consists  principally  of  hydro- 
lethane,  unsaturated  hydrocarbons  and  carbon  monoxide, 
lieir  relative  volume  is  in  the  order  given.    In  addition  to 
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these  gases,  a  large  number  of  valuable  by-products  diet 
tar,  ammonia,  benzene,  carbolic  acid,  etc.,  and  are  remc 
the  purification  of  the  gas.     Coke  is  left  in  the  retorts. 

Water  Gas. — When  steam  is  passed  over  heated  coal  o 
carbon  monoxide  and  hydrogen  are  formed,  if  the  tempi 
is  high, 

HiO  +  C  -  CO  +  H, 
or  carbon  dioxide  and  hydrogen  if  the  temperature  is 
2H,0  +  C  -  CO,  +  Hi 

The  gaseous  mixture  ol 
in  this  way  usually  runs 
50  per  cent,  hydrogen  ■ 
per  cent,  carbon  monoxii 
is  very  valuaUe  for  fui 
power  purposes. 

The  water  gas  process 
great  advantage  over  tl 
coal  gas  inasmuch  as 
former  nearly  all  of  the 
is  converted  into  gas,  w 
the  latter  most  of  it  rem 
coke. 

Producer  Gas. — Produ' 
is  perhaps  the  most  im[ 
fuel  gas  for  industrial  and 
purposes.  It  is  niade  t 
slightly  different  method 
the  first,  air  is  blown  up  t 
a  deep  bed  of  highly  heat 
in  a  great  stove-like  f 
p       ..  called    a    producer    (Fi( 

Where  the  air  first  ente 
coal  burns  to  carbon  dioxide, 

C  +  0,  =  COs 
As  the  latter  is  carried  op  through  the  bed  of  carbon,  it  is  r 
to  carbon  monoxide, 

CO,  +  C  =  2C0 


CARBON  251 

This  carbon  monoxide  mixed  with  the  nitrogen  of  the  air  and 
Mme  unreduced  carbon  dioxide  constitutes  the  producer  gas 
u  m&de  by  this  method. 

The  second  method  is  just  the  same  as  the  first  except  that  some 
tteam  is  blown  in  with  the  air  and  the  reactions  are  those  just 
given  tt^etber  with  the  ones  for  water  gas.  The  reactions  for 
the  first  method  evolve  heat,  white  those  for  water  gas  absorb  it. 
By  combining  the  two,  a  greater  amount  of  the  energy  of  the 
eoal  is  obtained  in  the  gas  thbn  by  either  alone.  The  gas  made 
tQ  this  way  contains  carbon  monoxide,  hydrogen,  carbon  dioxide, 
Ud  nitrogen. 

A  gas  engine  using  producer  gas  will  often  deliver  one  horse- 
power for  an  hour,  on  a  pound  to  a  pound  and  a  half  of  coal  used 
in  the  producer.  The  fuel  efficiency  of  such  a  plant  is  much 
greater  than  that  of  a  steam  plant. 

Blau  Gas. — -Blau  gas  is  made  by  cracking  petroleum  by  heat- 
ing it  to  a  high  temperature  then  cooling  and  compressing  the- 
products  to  100  atmospheres.  This  Uquefies  many  of  the  gaae 
oub  substances  produced.  The  liquid  is  sold  in  strong  steel 
cylinders,  which  may  be  connected  through  reducing  valves  to 
tbe  pipes  in  the  building  where  it  is  to  be  used.  The  blau  gas 
Wng  with  a  very  bright  and  hot  flame. 

Flames 

Fltmes  are  produced  by  the  rapid  interaction  of  two  or  more 
sues  whereby  sufficient  heat  is  generated  to  render  the  gases  and 
^Kir  products  luminous.  In  most  of  the  cases  to  which  the  term 
I*  ftppdied,  one  gas  passes  in  a  stream  into  a  larger  body  of  the 
<*ther  and  the  chemical  action  takes  place  at  the  point  of  contact 
<rf  the  two. 

In  the  flames  with  which  we  are  most  familiar,  the  oxygen  of 
tlu  air  is  one  of  the  active  gases  and  the  other  is  hydn^en, 
Utural  gas,  coal  gas,  or  some  similar  mixture;  and  since  the  flame 
^  located  at  the  opening  whence  the  gas  issues  into  the  air,  we 
*ery  naturally  speak  of  the  gas  as  burning,  but  the  air  has  just 
"^  much  to  do  with  the  phenomenon  as  the  other  gas.  As  a 
I'^atter  of  fact,  it  is  a  very  easy  matter  to  bum  a  stream  of  air 
^  an  atmosphere  of  coal  or  of  natural  gas.    All  that  is  necessary 
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to  do  to  show  this  is  to  place  a  wide-mouthed  bottle,  mouth 
downward  (Fig.  45),  upon  a  suitable  support,  and  pass  into  it  a 
moderate  Btreani  of  gas  until  the  air  is<  displaced,  and  then  ligbt 
the  gaa  ae  it  ikhuch  from  the  mouth  of  the  bottle.  Xow  paes  a' 
glass  tube  from  which  a  steady  stream  of  air  is  escapiog  up  into 
the  bottle.  Aa  it  goes  up  through  the  flame  at  the  mouth  of  the 
bottle,  the  lir  will  take  fire,  and  con- 
tinue to  ni  in  the  ga£  as  long  ae  the 
supply  c        a  two  is  kept  up. 

All  leu   give   off  hght,   but  thej 

differ  enough  among  themselves  so  th&t 
we  may  conveniently  divide  them  into 
two  classes;  non-luminous  and  luminous. 
This  classification  is  arbitrary,  because 
there  is  every  gradation  between  the 
typically  non-luminous  Same  of  hydro- 
gen and  that  of  acetylene  which  is  the 
most  brilliant  of  all;  that  of  methane 
stands  near  the  dividing  line. 

When  infusible  non-volatile  solids  are 
placed  in  non-luminous  flames,  they  are 
'■  heated  to  incandescence  and  give  out 
light;  a  mixture  of  99  per  cent,  thoriimi 
oxide,  with  1  per  cent,  cerium  oxide,  is 
especially  brilliant  under  these  conditions,  and  it  is  this  mixture 
which  is  used  in  the  Welsbach  mantles  for  incandescent  %^ 
hghting. 

The  luminous  flames  are  nearly  all  produced  by  the  burning  of 
compounds  of  hydrogen  and  carbon,  and  there  is  much  evidence 
in  favor  of  the  view  that  solid  particles  of  carbon  are  formed  in 
their  interior,  and  that  the  greater  part  of  the  Ught  is  due  to  the 
incandescence  of  these  particles.  K  a  cold  stu-face  be  placed  ^^ 
such  a  fiame,  these  parLlclcs  will  deposit  on  it  forming  a  layer 
of  soot  or  lampblack.  In  fact,  this  is  the  way  in  which  lamP' 
black  is  made. 

If  the  flame  of  an  ordinary  hydrocarbon  gas,  such  as  coal  ga^ 
issuing  from  a  circular  opening,  be  examined,  it  will  be  found  to 
consist  of  a  number  of  conical  sheaths  or  zones  fitting  one  inside 
the  other  as  indicated  in  the  diagram  (Fig.  46).     In  the  relatively'' 
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luminous  sheath  "a"  water  and  carbon  dioxide  are  formed, 
the  heat  from  this  radiating  inward  decom[>ose8  the  bydro- 
an  toward  the  base  of  the  flame  forming  hydrogen  and 
^lene,  or  hydrogen,  methane  and  acetylene;  as 
gases  pass  upward  the  temperature  rises  and 
ly  reaches  a  point  where  the  acetylene  rapidly 
mposes  into  hydrogen  and  carbon.  Since  this 
reaction  which  takes  place  with  the  evolution  of 
,  the  temperature  of  the  particles  of  carbon  is 
d  even  above  that  of  the  rest  of  the  flame,  and 
is  the  cause  of  the  greater  part  of  the  light, 
e  changes  take  place  in  the  zone  "b."  As  the 
an  passes  up  through  the  flame,  it  gradually  j^^  ^g 
s,  first  to  the  monoxide,  then  to  the  dioxide.  In 
nterior  of  the  flame,  where  the  supply  of  oxygen  is  limited, 
;arboQ  is  practically  all  burned  to  carbon  monoxide  before 
lydrogen  burns.  The  luminosity  of  a  flame  may  be  increased 
utting  both  gases  under  greater  pressure,  or  by  heating  the 
gas  before  it  leaves  the  burner.  On  the 
.  other  hand,  anything  which  will  lower  the 
j  k\  temperature  of  the  flame  will  decrease  the 

JM'i       °       light.     This  may  be  done  by  holding  a  cold 

I/A  j c        object  in  the  flame  or  by  mixing  some  indif- 

V   V  ferent  gas  such  as  nitrogen  with  the  com- 

bustible gas.     This  both  dilutes  the  gas  and 
makes  more  material  to  be  heated,  and  hence 
■         makes  the  flame  colder. 

Bunsen  Burner. — Robert  Bunsen,  a  Ger- 
man chemist,  invented  the  burner  which 
bears  his  name,  in  order  to  burn  coal  gas 
with  the  clean  smokeless  flame,  which  is  so 

*?  ~°     desirable  for  chemical  purposes.    A  diagram 

^    of   the   burner   and   its   flame  is  shown  in 
,       Fig.  47.    The  gas  enters  the  burner  through 
P      ,_  the  jet  '^'a,"  and,  having  a  high  velocity,  it 

draws  a  certain  quantity  of  air  in  at  the 
i  "b"  in  the  base  of  the  tube  "f."  In  passing  up  through 
tube,  the  gas  and  the  air  mix.  Three  well-marked  sheaths 
)rmed  in  the  flame.     <'C"  is  non-luminous,  and  so  cold  that  a 
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match  bead  may  be  held  in  it  for  some  time  without  ignitiui. 
Id  this,  practically  no  chemical  change  takes  place.  "1 
bluish-green  and  very  hot,  especially  at  the  upper  tip,  but  not 
very  Imninoue.  In  it  the  hydrocarbons  are  transformed  into 
carbon  monoxide  and  hydrogen.  In  the  outer  layer  "e' 
hydrogen  and  carbon  monoxide  burn  to  water  and  carbon 
dioxide.  The  non-luminous  flame  of  the  Bunsen  burner  ii 
smaller  and  hotter  than  a  luminous  Same  burning  the  gaa  at  tlie 
sam^  rate. 


CHAPTER  XVII 

SILICON 

general. — Silicon,  the  second  member  of  the  carbon  group, 
:iiTB  very  abwidantly  in  nature  in  the  form  of  its  oxide  and 
rioufi  silicates.  This  element,  next  to  oxygen,  is  present  in  the 
rth  in  the  greatest  quantity,  forming  as  it  does  about  one- 
irth  of  the  earth's  crust. 

Preparation. — Silicon  exists  in  at  least  two  allotropic  modifica- 
Qs,  one  crystalline,  the  other  amorphous.  Some  evidence 
iO  points  toward  the  occurrence  of  two  distinct  crystalline 
■ma,  corresponding  to  graphite  and  diamond. 
Amorphous  silicon  may  be  prepared  by  heating  finely  powdered 
artz,  which  is  silicon  dioxide,  SiOi,  with  metallic  aluminum 
magnesium ;  the  reaction  which  takes  place  with  nu^esium 
represented  by  the  following  equation, 

SiO,  +  2Mg  =  Si  +  2MgO 

tie  magnesium  oxide  is  removed  by  treating  the'  resulting 
ixture  with  hydrochloric  acid. 

Crystalline  silicon  is  now  being  prepared  on  a  large  scale  at 
'Agara  FeJIs  by  reducing  the  dioxide  with  carbon  in  an  electric 
rnace.     It  is  used  in  the  manufacture  of  steel. 

SiO,  +  2C  =  Si  +  2C0 

I  alloy  of  silicon  and  iron  known  as  ferrosilicon  is  also  used 
making  steel.  It  is  made  by  heating  together  sand,  iron  oxide 
d  carbon  in  an  electric  furnace. 

t^perties. — Amorphous  silicon  is  a  dark  brown,  friable 
bstance  without  luster,  is  a  non-conductor  of  electricity,  and 
s  a  density  of  l.S.  If  the  temperature  is  raised  somewhat  it 
kea  fire  and  bums.  The  crystalline  silicon  is  very  much  more 
astant  chemically  and  is  not  attacked  by  oxygen  even  at  red 
■*t.  It  is  dark  steel  gray  in  color  and  forms  opaque  octahedra 
%  a  metallic  luster,  its  density  is  2.35. 
2fiS 
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Both  varieties  melt  at  temperatures  in  the  neighborhood  ol 
1,500"  to  a  steel  blue  liquid  which  on  aohdifying  always  produi 
the  cryatalliDo  form.     SiUcon  dissolves  in  hydroxides  of  the  alkali 
metals  with  the  evolution  of  hydrogen  and  the  formation  of  the 
corresponding  alkali  silicates. 


2NaOH  +  Si  +  ' 


NajSiOj  +  2H, 


This  reaction  is  used  to  make  1  3gen  for  filling  balloons  W 
air  shipB.  Silicon  is  not  solubU  any  single  acid  but  is 
mixture  of  nitric  and  hydrofiuo  acids,  forming  silicon  tetra- 
fluoride,  and  is  slowly  oxidized  bj     qua  regia  to  silicic  acid. 

Silicon  Dioxide.— Silicon  forms  ith  oxygen  one  well-defined 
compound,  silicon  dioxide,  SiC  lich  is  analogous  to  carbon 
dioxide.  The  monoxide,  the  anaiui^ue  of  carbon  monoxide,  hu 
been  stated  to  exist  and  has  been  described  as  a  brown  powder, 
but  aa  yet  fhis  has  not  been  sufEciently  confirmed.  Silicon 
dioxide  or  .silica,  as  it  is  commonly  called,  occurs  very  abundantly 
on  the  earth's  surface  both  in  the  crystalline  and  the  amorphous 
modifications.  The  purest  form  is  rock  crystal,  which  is  colorlfss 
quartz.  This  compound  when  colored  by  different  metallic 
oxides  gives  rise  to  smoky  quartz  and  other  semi-precious 
stones.  Flint  occurs  widely  distributed  in  nature,  and  b  rather 
impure  amorphous  silica;  other  forms  of  this  variety  are  certain 
kinds  of  petrified  wood,  opal  and  jasper. 

On  account  of  its  extreme  hardness  and  its  transparency,  rock 
crystal  finds  extensive  use  in  the  manufacture  of  fine  lenses. 
Many  laboratory  utensils  are  now  made  from  quartz.  When 
heated  before  the  oxy-hydrogen  blowpipe  it  behaves  like  glass, 
in  that  it  becomes  pasty  and  does  not  pass  directly  from  the 
solid  to  the  liquid  state.  In  this  condition  it  may  be  worked 
and  blown  into  the  desired  shapes.  These  vessels  are  very 
resistant  chemically  to  nearly  all  reagents  except  the  alkalies, 
and  consequently  they  may  replace  the  more  expensive  platinora 
in  many  operations.  The  temperature  coefficient  of  this  fuseu 
silica  ware  is  very  small,  and  a  crucible  heated  to  redness  may  he 
plunged  into  cold  water  without  being  broken. 

Silicic  Acid  and  Silicates. — Silicates  are  known  which  corre- 
spond to  an  even  greater  variety  of  silicic  acids  than  there  ttt 


SILICON  257 

«phoric  acidB.  We  have  for  example,  salts  of  orthosilicic  acid, 
}i04;  meta  silicic  acid,  HtSiOi;  diortho  silicic  acid,  HtSiiOj; 
leta  silicic  acid,  HiSiiOt;  and  trisilicic  acid,  HiSiiOi.  When 
oluble  silicate  is  treated  with  an  acid,  the  solution'  usually 
oains  clear  for  a  time;  and  then  there  is  precipitated  difficultly 
uble  silicic  acid  whose  composition  is  rather  variable  but  which 
ids  to  approach  that  of  meta  silicic  acid,  H,SiOj.  When 
ftted,  this  yields  the  dioxide  and  water. 

Sy  proper  manipulation,  a  colloidal  solution  of  silicic  acid  may 
t  prepared.  A  colloidal  solution  is  one  which  appears  perfectly 
Muc^eneous  to  the  eye,  and  which  will  pass  through  a  filter, 
at  which  has  the  same  boiling-  or  freezing-point  as  pure  water. 
fheii  a  beam  of  very  strong  light  is  sent  through  the  solution 
nd  a  microscope  focused  upon  its  path,  a  multitude  of  particles 
n  seen,  so  extremely  minute  that  they  cannot  be  perceived  in 
ny  other  way.  A  true  solution  is  homogeneous  even  when 
Bimined  in  this  way.  This  shows  that  the  solute  in  a  colloidal 
vtntion  is  not  really  in  solution,  but  that  it  is  merely  very  finely 
Ended  and  in  a  state  of  suspension. 

A  few  of  the  naturally  occurring  silicates  will  be  mentioned  at 
dug  point  merely  to  show  how  important  to  us  these  compounds 
■n.  Clay,  mica,  asbestos,  serpentine,  and  feldspar,  are  among 
^  principal  silicates;  while  granite  (a  mixture  of  quartz,  feldspar, 
uid  mica),  basalt,  prophyry,  lava,  pumice  stone  are  also  common 
■Ucate  rocks.  Sandstone  consists  principally  of  particles  of  sili- 
■tti  dioxide  cemented  together  with  calcium  carbonate,  iron  oxide, 
f  amorphous  silica  from  silicic  acid. 

When  exposed  to  the  weather,  the  silicate  rocks  are  gradually 
i«ntegrated  under  the  combined  action  of  water,  carbon  dioxide, 
halves  of  temperature,  freezing  and  thawing,  with  the  formation 
t  clay  (aluminum  silicate),  silica,  and  the  carbonates  of  the 
Metallic  elements  of  the  silicates.  Under  proper  conditions,  these 
>roducts  of  disintegration  will  solidify  into  what  are  known  as  the 
edimentary  or  secondary  rocks,  while  the  original  silicates  are 
«lled  the  igneous  or  primary  rocks. 

Silicon  Hydride. — If  in  the  preparation  of  silicon  by  means  of 
3ietallic  magnesium  an  excess  of  the  metal  is  used,  a  compound 
^Qagnesiimi  silicide,  SiMgj^  is  formed.  This  compound  reacts 
•rith  hydrochloric  acid  yielding  magnesium  chloride  and  a  gas 
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which  Oh  contact  with  the  air  takes  fire  Bpontaneously  f« 
smoke  rings  of  silicon  dioxide. 

SiMg,  +  4HC1  =  2MgCh  +  SiH. 

This  gaa  is  silicon  hydride,  SiH*,  the  analogue  of  methan^ 
like  phoKjthine,  if  carefully  purified,  loses  the  property  of  I 
taneouB  inflammability,  which  property  is  probably,  in  this 
also,  due  to  the  presence  of  some  higher  hydride. 

Halogen  Compounds. — If  amorphous  silicon  be  treated 
chlorine,  or  if  a  current  of  chlorine  be  passed  over  a  mixtu 
finely  powdered  quartz  and  carbon  which  is  strongly  heated 
compound  silicon  tetrachloride,  SiCU,  is  formed,  Althoui 
this  latter  reaction  neither  the  carbon  nor  the  chlorine  ala 
able  to  effect  the  decomposition  of  the  silicon  dioxide^J 
combined  action  can  bring  it  about.  M 

SiOj  +  2C  +  2Cli  =  SiCl*  +  2C0 

Silicon  chloride  is  a  colorless  liquid  whose  boiling-point  ia 
It  fumes  strongly  in  the  air  since  water  readily  decompOB 
into  silicic  acid  and  hydrc^en  chloride. 

If  instead  of  chlorine,  hydrogen  chloride  is  passed  over  ai 
phous  silicon,  a  compound  of  the  composition  SiHCli  is  for 
and  by  analogy  is  called  silico-chloroform. 

Silicon  unites  with  the  other  halogens  to  form  similar  i 
pounds.  The  most  important  of  these  is  the  fluoride  which 
gas  at  ordinary  temperatures  and  is  readily  formed  by  tret 
silica  or  a  silicate  with  hydrofluoric  acid, 

4HF  +  SiOa  =  SiF.  +  2HiO 

Silicon  fluoride  is  decomposed  by  water,  hence  some  dehydn 
agent  such  as  sulfuric  acid  must  be  added  to  remove  that  foi 
in  the  reaction.  Silicon  fluoride  ia  most  conveniently  prep 
by  mixing  together  silicon  dioxide  and  calcium  fluoride, 
adding  concentrated  sulfuric  acid  to  the  mixture.  The  rea 
with  water  is  unlike  that  of  the  other  halogen  compoi 
Instead  of  silicic  acid  and  hydrogen  fluoride,  we  have 
complex  hydrofluosilicic  acid  formed  according  to  the  equal 

3SiF4  +  4H,0  -  2H.SiF.  +  Si(0H)4 
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1  lead  salt  of  this  acid  is  uaed  in  the  electrolytic  purification  of 
I  (see  p.  417). 

Carborundum. — Carborundum  is  the  trade  name  forulicon 
bide,  SiC.  It  m  chemic^y  resiatant,  so  hard  it  will  scratch 
ty,  and  is  used  very  largely  as  an  abrasive.  It  is  not  attacked 
acids  but  is  gradually  decomposed  by  fused  alkalies  forming 
)  respective  carbonate  and  siUcate. 

Carborundum  is  prepared  on  a  large  scale  at  Niagara  Falls 
heating  t(^ther  in  an  electric  furnace   (Pig.  48),  carbon, 
ad  and  sawdust  with  common  salt  as  a  Bux.     The  electric  cur- 
at is  passed  through  the  carbon  core,  T  (Fig.  48),  until  the  mix- 
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>te  of  carbon,  sand,  etc.,  has  been  heated  sufficiently.  The 
mace  is  then  allowed  to  cool  when  a  cylinder  of  crystaUized 
rborundum  will  be  found  surrounding  the  carbon  core.  It 
then  crushed,  treated  with  sulfuric  acid  to  remove  impurities 
ch  as  iron  oxide,  washed  and  graded.  The  product  is  then 
}rked  up  into  abrasive  wheels,  hones  and  the  like.  For  this 
iTpose  the  carborundum  is  mixed  with  a  suitable  binding 
ELterial  such  as  china  clay  and  feldspar,  molded  and  baked  at  a 
^  temperature. 
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General. — Boron  ia  ^^-prv 
of  the  free  element  ai 
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to  silicon  in  properties,  bolt 
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the  case  of  silicon,  and  the  method  is  much  the  same 
that  substance,  viz.,  by  the  reduction  of  the  oxide  with  a  metal. 
Fused  boron  has  recently  been  prepared  by  reducing  the  tri- 
oxide  with  magnesium,  and  then  heating  the  product  to  2000°- 
2500°  in  an  electric  furnace  when  it  melts. 

BiOj  +  3Mg  =  2B  +  3MgO 

The  product  is  black,  amorphous  and  very  hard,  acratdif* 
everything  except  diamond,  but  is  rather  brittle.  When  wl4 
it  is  a  very  poor  conductor  of  electricity,  but  at  400"  it  conduc" 
2,000,000  times  as  well  as  at  room  temperature.  Because  of  iU 
great  temperature  coefficient,  it  is  well  adapted  to  the  mafcn( 
of  devices  for  the  measurement  of  temperature  and  for  the 
regulation  of  electrical  machinery, 

Boric  Acid. — Boric  acid,  or  boracic  acid  as  it  is  conimoiiiy 
called,  is  formed  by  the  action  of  water  on  the  anhydride,  boron 
trioxide.  The  acid  corresponding  by  analogy  to  orthophosphom 
acid,  is  HjBOs,  and  is  called  orthoboric  acid.  WhDe  this 
exists  free,  nearly  aU  the  known  salts  are  formed  from  acio' 
derived  from  HjBOs  by  the  loss  of  water.  In  nature  it  occurs  s* 
somewhat  yellowish  scales.  It  is  very  soluble  in  hot  water  bii' 
much  less  so  in  cold.     The  aqueous  solution  reacts  faintly  acid- 

On  being  heated,  the  acid  passes  first  into  water  and  thetn- 
oxide,  which  at  a  higher  temperature  melts  to  a  glass-like 
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uch  is  capable  of  dissolving  metallic  oxides.  Upon  this 
operty  depends  the  use  of  boric  acid  as  a  flux  in  hard  soldering. 
While  the  anhydride  is  fairly  resistant  to  heat,  the  acid  itself 
volatile  with  steam.  One  of  the  methods  for  obtaining  the 
sid  depends  upon  this  fact.  In  the  volcanic  districts,  vapors 
>ntaining  boric  acid  escape  from  the  earth.  These  are  passed 
tto  water,  condensed,  and  the  boric  acid  finally  becomes  concen- 
rated  enough  to  crystallize  out  at  lower  temperatures.  When 
oric  acid  is  introduced  into  a  flame  it  volatilizes  and  imparts  a 
Teen  color  to  the  flame. 

Of  the  many  boric  acida,  we  shall  mention  only  the  metaboric, 
iotmed  from^HjBOt  by  the  loss  of  one  mole  of  water,  according 
»  the  equation,  H»BO*  =  HBOj  +  HjO;  and  the  tetraboric 
^nrned  according  to  the  equation  4H|B0]  =  HiBtOv  +  5HiO. 
|n  any  water  solution  of  boric  acid,  the  ions  of  these  different 
■ads  exist  in  equilibrium. 

The  sodium  salt  of  tetraboric  acid,  NaiBtOi-lOHiO  or  borax, 
Occurs  in  California  and  in  others  of  the  western  states  and  is 
•Iso  manufactured  by  decomposing  the  naturally  occurring 
calcium  borate,  CajBtOii'SHiO,  with  sodium  carbonate  and 
bicarbonate  and  recrystallizing.  Borax  contains  either  5  or  10 
Holes  of  water  of  crystallization  depending  upon  the  temperature 
^t  which  it  is  crystaUized.  It  effloresces  in  the  air  and,  if  heated, 
iwellsup,  then  melts  to  a  glassy  substance  which  dissolves  metallic 
oxides  similarly  to  boric  oxide.  Some  of  these  solutions  have 
distinctive  colors,  and  are  used  in  blowpipe  analysis  and  in 
Di&king  enamels.  Because  of  the  weakness  of  boric  acid  a  solu- 
tion of  borax  is  hydrolized  enough  to  be  alkaline.  On  this 
Mcount  it  is  used  to  a  slight  extent  in  households  to  soften  water, 
but  this  is  a  very  costly  method.  Borax  and  boric  acid  have 
'tirly  strong  antiseptic  properties  and  are  used  in  medicine  and 
>8  preservatives. 

Other  Compounds.^The  chlorides  and  other  halogen  com- 
pounds of  boron  may  be  prepared  in  the  same  way  as  the  corre- 
^nding  compounds  of  silicon  and  are  similar  in  their  properties, 
Since  boron  is  trivalent  their  general  formula  ia  BAj,  where 
A  represents  the  halogen  anion.  The  fluoride  when  dissolved  in 
*atw  forms  the  compoimd,  HBF4,  which  is  very  much  like 
%drofluo6ilicic  acid  in  it^  properties. 
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Boron  readily  combines  with  nitrogen  to  form  boron  ni 
BN,  BO  unless  special  precaution  is  taken  to  exclude  the  air  ( 
the  preparation  of  the  free  clement,  the  latter  is  tikely  to  b 
taminated  with  the  nitride.  This  compound  is  a  white  p 
which  when  heated  with  water  reacts  to  form  ammonia  and 
acid, 

BN  +  3HtO  -  B(OH}(  +  NH. 


CHAPTER  XIX 

THE  ARGON  GROUP 

The  gaseous  Bubstances  helium,  neon,  argon,  krypton,  xenon 
nd  niton  form  an  interesting  group  of  non-metallic  elements 
rhich  is  chiefly  remarkable  for  the  fact  that  no  compound  of 
fc  member  of  this  group  has  ever  been  prepared.  Another  in- 
cresting  paint  in  connection  with  these  substances  is  that  the 
liement  helium  is  certainly  one  of  the  products  of  the  sponta- 
Moufl  transmutations  which  the  radioactive  element  radium 
andergoeB. 

The  molecular  weights  of  these  elements  may  be  easily  ob- 
ftined  from  their  gaseous  densities  but  since  they  will  not  enter 
ito  combination  with  any  substances,  the  question  as  to  the 
Umber  of  atoms  per  molecule  and  hence  their  atomic  weight  is 
ot  easily  answered.  But  in  spite  of  their  inactivity  we  can 
fhve  at  a  reasonable  conclusion  through  the  following  line  of 
i^ument. 

The  quantity  of  heat  necessary  to  raise  the  temperature  of  a 
;ram  mole  of  a  substance  1°  ia  called  its  molecular  heat.  If  the 
rolume  is  kept  constant  during  the  heating,  it  is  known  as 
•^  molecular  heat  at  constant  volume.  Now  it  is  an  easy 
■Gutter  to  determine  both  the  molecular  and  atomic  weights  of 
mercury,  and  these  turn  out  to  be  200  in  each  case.  In  addition, 
^  molecular  heat  at  constant  volume  of  mercury  vapor  is  13 
loules.  The  molecular  heat  at  constant  volume  of  gases  having 
''*0  atoms  per  molecule  such  as  oxygen,  nitrogen,  hydrogen, 
^i^bon  monoxide,  etc.,  lies  between  20  and  21  joules,  while  that 
*>f  substances  having  three  atoms  per  molecule  is  28  to  33  joules. 
Clle  molecular  heat  at  constant  volume  for  the  members  of  the 
^l^u  group  is  12  to  13  joules.  We  may  therefore  safely  con- 
■'ude  that  there  is  one  atoip  P®^  molecule  of  these  elements  just 
^9  ia  the  case  with  mep.  .jy,  and  hence  that  their  atomic  and 
Molecular  weights  are  id^    .  ,val. 

^f**"    263 
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Helium. — The  element  helium  has  an  atomic  and  molecular' 
weight  of  4.00.  It  is  found  in  very  small  quantitcs  in  the  sir.' 
It  is  also  found  in  the  ga^es  of  many  mineral  springs  and  is  pres- 
ent in  relatively  large  quantities  in  natural  gas.  The  ga«  bJ 
Dexter,  Kansas,  contains  as  high  aa  1.84  per  cent,  of  helium. 
Outside  of  natural  gas,  the  principal  source  of  helium  is  the  wr 
minerals  containing  the  radioactive  elements  radium,  uraniuiD, 
thorium,  etc.,  from  which  it  m  :  obtained  by  simply  healinj 

the  mineral  in  a  vacuum  or  bj  solving  it  in  dilute  sulphuric 
acid  or  fused  potassium  acid  ate.  The  helium  is  simply 
enclosed  in  the  mineral  and  is  in  combination.     From  the 

fact  that  it  occurs  in  those  min  i  which  contain  radium,  etc-, 
it  is  probable  that  it  is  formed  i  e  mineral  by  the  transforms- 
tion  of  the  radioactive  element  i'he  same  source  is  indicated 
for  the  helium  of  natural  gas  L  le  fact  that  it  contains  nitoo 
(see  p.  265). 

Helium  was  the  last  gas  to  be  liquefied.  This  was  done  is 
July,  1908,  by  Karamerliugh  Onnes.  It  is  a  clear,  colorless  liquiil 
boiling  at  —  208. S^C.  or  4.5°  above  absolute  zero.  Since  its 
critical  temperature  is  -  268.0''C,  or  +  5°  A.  it  is  a  very  difficult 
substance  to  liquefy.  When  the  pressure  under  which  it  boiloi 
was  reduced  to  1  cm.  its  boiling-point  was  lowered  to  3'  abovt 
absolute  zero.  This  is  probably  about  the  lowest  temperaturt 
which  we  will  be  able  to  reach  unless  some  more  easily  voUtilf 
liquid  than  helium  is  discovered. 

Helium  under  diminished  pressure,  glows  brilliantly  upon  Uie 
passage  of  an  electric  discharge.  Upon  examining  the  light  with 
a  spectroscope  the  spectrum  is  found  to  consist  of  a  number  <i 
bright  lines,  oik'  in  the  yellow  being  especially  strong  (see  Fronti*- 
piece).  Msmy  years  before  helium  was  discovered  on  the  earth 
this  line  was  observed  in  the  spectrum  of  the  sun  and  ascribed  to 
a  then  unknown  element  which  was  called  helium  from  the  Greek 
name  for  the  sun  "heUos." 

Neon. — Neon  has  an  atomic  and  molecular  weight  of  20.2- 
It  is  found  in  the  air  in  slightly  larger  quantities  than  helitun. 
It  occurs  along  with  helium  in  the  gases  of  certain  mineral  8prin(3 
and  in  natural  gas.  Its  boiling-point  is  —  246°.  It  is  easily 
liquefied  in  a  bulb  surrounded  by  liquid  hydrogen  which  boil^ 
at  —  253°,  and  is  separated  from  helium  in  this  way.     Neithei 
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ilium  nor  neon  ia  absorbed  by  coco&nut  charcoal  to  any  great 
:tent,  and  a  mixture  of  the  two  gases  may  be  easily  obtained 
om  natural  gas  by  absorbing  the  other  gases  in  cocoanut  char- 
)al  cooled  with  liquid  air.  Recent  experiments  indicate  that 
eon  may  be  a  mixture  of  two  gases  one  having  an  atomic  weight 
1 20  and  the  other  of  22. 

Aigon. — The  atomic  and  molecular  weights  of  argon,  are 
9.9.  It  occurs  in  nature  in  rather  large  quantites  being  pree- 
Qt  in  the  air  to  the  extent  of  about  1.3  per  cent,  by  weight  or 
■937  per  cent,  by  volume.  It  boils  at  —  186°  and  freezes  at 
-189°.  Argon  was  the  first  member  of  this  group  to  be  dis- 
overed,  being  found  in  1894  in  atmospheric  nitrogen  by  Lord 
^yleigh  and  Fnrfessor  Ramsay  who  were  seeking  an  explana- 
od  for  the  fact  that  atmospheric  nitrogen  was  more  dense  than 
lat  from  chemical  sources.  It  is  separated  from  nitrc^en  by 
>mbining  the  latter  with  metallic  lithium,  calcium,  or  m^- 
iflium  at  a  high  temperature,  nitrides  being  formed.  It  is  now 
^ing  used  in  the  place  of  nitrogen  in  some  of  the  gas-filled  tung- 
■en  lamps.    Its  spectrum  is  shown  in  the  Frontispiece. 

Krypton  and  Xenon. — These  gases  occur  in  the  air  in  very  small 
mounts.  They  are  obtained  mixed  with  argon,  helium,  and 
eon  by  the  removal  of  the  nitrogen,  etc.,  as  indicated  above, 
'hey  are  separated  in  the  pure  state  by  the  fractional  diatilla- 
ion  of  the  crude  argon.  Krypton  has  an  atomic  and  molecular 
'eight  of  82.92  and  boils  at  - 152°.  Xenon  has  a  molecular  and 
atomic  weight  of  130.2,  boils  at  -109°. 

Niton  or  Sadium  Emanation. — Radimu  undergoes  a  slow 
pOQtaneoUB  transmutation  and  very  gradually  gives  oS  an  inert 
AS  of  the  argon  group  which  is  called  niton  or  radium  emanation. 
Jthough  this  is  chemically  inactive,  it  is  highly  radioactive, 
^  p.  495)  and  changes  into  helium  and  other  products  at  such 

rate  that  one-half  of  it  disappears  every  3.8  days.  Since  it  is 
>rmed  bo  slowly  from  radium  and  decomposes  so  quickly,  there 

bever  very  much  of  it  available  for  experimentation  at  any  one 
tbe,  and  Sir  William  Ramsay  who  has  studied  It  most  fully 
%a  displayed  great  skill  in  its  investigation.  It  has  been  shown 
I  spite  of  the  fact  that  it  is  formed  from  one  element  and  changes 
ito  another,  that  it  is  fully  entitled  to  be  considered  a  distinct 
ement.    It  has  its  own  characteristic  spectrum  and  set  of  other 
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propertiee.  lU  molecular  and  atomic  weights  have  been  di 
mined  by  Ramsay  by  weighing  less  than  0.0001  c.c.  of  the 
on  a  balance  sensitive  to  less  than  Hso.ooo  mgrm.  T 
weights  arc  doubtless  identical  and  are  222.4.  It  boili 
—  62°  and  freezes  at  —71°.  Niton  is  so  highly  radioactive 
it  shines  in  the  dark,  and  givea  ou 
comparison  with  its  mass,  enorn 
quantities  of  heat.  When  brough 
contact  with  chemical  compounds 
very  frequently  decomposes  them, 
will  not  itself  combine  with  anj-th 
.  I  Niton   is  present  in   extremely  mii 

II    S^  quantities    in    air,   soil,   rocks,   gro 

water,  and  the  gases  that  issue  from 
earth.     The  quantity  present  in  roc! 

_j ^         proportional    to   their   radium   coni 

^^\       and  furniahes  the  eaaicat  method  of 

'^V_     termining  the  amount  of  radium  i 

Fio.  49.         '      rock.    The  rock  is  dissolved,  the  ni 

boiled  off  and   passed   into   a    chai 

gold  leaf  electroscope  (Fig.  49) ;  the  quantity  of  niton  and  tb 

fore  of  radium  is  estimated  from  the  rate  at  which  the  gold . 

of  the  electroscope  collapses. 

The  following  table  giving  the  per  cent,  by  volume  of 
inert  gases  in  the  air  is  based  upon  an  estimate  by  Sir  Willi 
Ramaay. 

Pbr  Cent,  by  Volume  of  Inert  Gases  in  the  Aib 

HeUum 0.00040% 

Neon 0.00123 

Argon 0.9370 

Krypton 0.0094 

Xeoon 0.0011 

Niton Trace. 


CHAPTER  XX 
THE  METALLIC  ELEMENTS 

General. — In  the  classification  of  the  elements  it  has  been 
imtomary  for  a  long  time  to  divide  them  into  the  metala  and 
the  non-metals.  We  have  been  considering  the  latter  in  the 
isrlier  part  of  this  book,  and  it  now  remains  to  discuss  the 
^leaiistry  of  the  metals.  The  division  of  the  elements  into  these 
'Vo  groups  is  very  convenient,  but  is  entirely  arbitrary  as  is 
faown  by  the  fact  that  certain  elements  have  properties  in 
ommon  with  each  group  and  cannot  be  definitively  located  in 
ather. 

Characteristic  Physical  PropertieB  of  Metals. — All  metals 
irhen  not  powdered  reflect  so  much  of  the  light  which  falls  upon 
■ban  that  they  have  an  appearance  called  a  metaUic  luster. 
Most  are  sUvery  white,  but  a  few,  such  as  gold  and  copper,  absorb 
mough  light  to  show  distinct  colors.  But  everything  with  a 
iietallic  luster  is  not  a  metal.  The  non-metal  tellurium  shows 
%  as  do  many  compounds,  especially  the  sulfides. 

All  metals  are  much  better  conductors  of  electricity  than 
■'ectrolytes  are,  and,  unlike  the  latter,  are  not  decomposed  by  the 
*asage  of  the  current,  hence  they  are  called  conductors  of  the 
r»t  class.  But  several  of  the  non-metals,  carbon,  boron,  selenium, 
illliriura  and  many  sulfides  are  also  conductors  of  the  first 

The  metals  are  better  conductors  of  heat  than  the  non-metals, 
Ut  in  this  respect  there  is  not  as  much  difference  between  the 
^0  groups  as  in  the  case  of  the  conduction  of  electricity. 

Most,  but  not  all  of  the  metals,  are  malleable  and  may  be  rolled 
^  beaten  into  thin  plates.  Gold  excels  all  the  others  in  this 
Aspect,  and  may  be  beaten  into  leaves  not  more  than  0.0001 
Xta.  in  thickness. 

Most  metals  are  very  tenacious  and  will  resist  a  considerable 
Orce  tending  to  pull  a  given  piece  apart.    This  property  if 
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assodatecl  with  the  malleability  mentioned  above  renileis  i 
metal  ductile,  bo  that  it  may  be  drawn  into  wire.  Steel  is  Ibe 
most  tenaciouB  of  the  metals,  and  gold  the  most  ductile. 

When  metals  dissolve  in  most  solvents  they  lose  all  of  thar 
metallic  characteristics,  and  in  general  form  salts,  but  they  mj 
dissolve  in  one  another  when  fused  together  and  retain  lie 
characteristic   properties  ?.     The  solutioos   of  raeuli 

in  one  another  are  called  s  the  term  alloy  is  now  mi. 

one  or  more  of  the  conetii       itf.  be  a  non-metal,  but  the  whole 

must   present   the   gene  c   properties.     Alloys  which 

contain  mercury  are  caheu  an  us-  Some  of  these  are  wnj 
important. 

Chantcteristic  Chemical  P  ties  of  Metals. — The  ni«t 
noticeable  chemical  property  le  metals  is  that  they  fono 

simple  cations,  but  this  propen      i  not  con&ned  exclusively  b> 
them;  because  the  non-metals,  hydrogen  and  tellurium  alao  fotm 
these  ions.     Closely  connected  with  the  tendency  of  the  metals 
to  form  cations  is  tho  fact  that  their  hydroxides  are  generally 
bases  while  those  of  the  non-metals  are  almost  invariably  acidi;  | 
but  some  of  the  hydroxides  of  the  nietal-s  are  very  weak  bases,  sai 
a  few  act  both  as  bases  and  acids.     From  the  above  facts,  it  ma) 
be  seen  that  there  is  no  sharp  distinction  to  be  drawn  betweatf 
metals  and  non-metals,  so  the  division  is  purely  arbitrary;  bo* 
is  nevertheless  convenient  and  practicable  because  in  the  gr»i^ 
majority  of  cases  no  hesitation  is  felt  in  making  the  clasEDficatioO- 

Distinction  between  Metals  and  Non-metals. — If  an  elemtt^i 
when  in  the  solid  or  liquid  state,  does  not  have  a  metaUic  luBte* 
and  is  not  a  conductor  of  electricity,  it  certainly  is  a  non-metal 
If  it  has  the  luster  and  conductivity,  it  may  he,  either  a  metal 
or  a  non-metal  and  we  must  turn  to  its  «.'hcniical  propertiea  fof 
help  in  its  classification.  If  it  forms  simple  cations,  it  is  a  metil; 
but  if  it  gives  no  simple  cations  and  is  nearly  always  found  iP 
anions,  it  is  a  non-metal.  After  all  aids  to  clfissification  have  been 
applied,  a  few  elements  on  the  dividing  will  still  be  in  dispute  ss 
to  whether  they  are  metals  or  non-metals,  but  the  great  majorit]' 
will  be  definitely  located. 

Classification  of  the  Metals. — A  study  of  the  properties  of  the 
metals  soon  shows  that  they  may  be  divided  into  groups  of  nto^^ 
or  less  closely  related  elements  much  as  w:ia  done  with  certain 
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the  non-metals.  The  relationship  between  these  elements  is 
rather  tangled,  however,  and  some  of  them  have  properties  which 
'Would  cause  them  to  be  placed  in  each  of  several  groups  and  any 
arrangement  which  we  make  of  them  i^  more  or  less  arbitrary. 
Tliere  is,  however,  a  natural  system  for  the  classification  of  the 
Elements  which  is  called  the  periodic  system  and  which  includes 
both  the  metals  and  the  non-metals.  This  system  is  based  upon 
the  observation  that  if  the  elements  be  arranged  in  the  order  of 
their  atomic  weights,  similar  elements  recur  at  regular  inter- 
vals; and  if  the  series  be  broken  up  into  periods  such  that  each 
period  begins  with  a  member  of  a  definite  family,  the  second 
position  in  each  period  will  be  filled  by  a  member  of  a  closely 
related  group  of  elements.  The  same  is  true  for  the  third  and 
following  positions  in  the  series.  This  may  be  illustrated  as  fol- 
lows; arrange  the  elements  in  the  order  of  their  atomic  weights 
^d  we  have, 

Pontion,  1,  2,  3,  4, 

Period  No.  1.  He.  Li.  Be.  B. 

Period  No.  2.  Ne.  Na.  Mg.  Al. 

Period  No.  3.  A.  K.  Ca.  Sc. 

Choosing  the  members  of  the  helium  family  as  the  elements 
^hich  shall  begin  our  periods,  we  find  that  the  elements  listed 
*^i^  fall  into  three  periods  of  eight  members  each,  and  that  the 
^Hresponding  positions  in  each  period  are  occupied  by  analogous 
^^ments.  We  can  appreciate  this  especially  for  the  last  four 
^^mbers  of  the  first  two  periods,  since  we  are  familiar  enough 
'^th  the  properties  of  carbon  and  silicon  to  see  their  close  rela- 
tionship and  similarly  for  nitrogen  and  phosphorus,  oxygen  and 
^Ulfur,  fluorine  and  chlorine.  That  this  same  sort  of  relation- 
ship is  continued  over  into  the  other  periods  and  holds  for  the 
^maining  positions  in  these  periods,  will  be  evident  as  we 
become  more  familiar  with  the  properties  of  the  elements.  For 
Example,  lithium,  sodium,  potassium,  etc.,  which  occupy  the 
Second  positions  in  the  periods,  form  a  part  of  a  group  of  similar 
tad  very  closely  related  metals  as  we  shall  soon  see.  In  fact 
the  relationship  is  fully  as  close  as  that  between  the  halogens. 

If  the  elements  arranged  in  series  in  the  order  of  their  atomic 
weights  be  broken  up  j^^o  periods  in  the  way  given  above  and 
these  periods  be  piac^  j  vertically  under  one  another,  we  ob- 
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tain  a  table  of  the  periodic  claBSification  or  system  of  the 
ments.  Such  a  table  is  given  below.  It  is  somewhat  < 
modification  of  one  prepared  by  the  Russian  chemist,  Mem 
jeff  in  1869,  and  very  similar  to  a  table  published  in  1871 
Lothar  Meyer,  a  German  chemist,  who  developed  the 
independently  of  Mendelejeff. 

An  inspection  of  this  table  will  show  that  chemically  sii 
elements  are  found  in  vertical  columns  except  in  the  case  o 
very  last  group  in  which  the  similar  elements  are  found  sid 
side. 

In  preparing  this  table,  the  principle  of  arrangement  ii 
order  of  atomic  weights  has  been  violated  in  two  cases.  A 
with  an  atomic  weight  of  39.9  has  been  placed  before  potas 
with  an  atomic  weight  of  39.1  and  tellurium  is  put  before  i< 
although  it  has  the  larger  atomic  weight.  The  reason  fo: 
first  change  is  that  potassium  does  not  belong  in  the  group  of 
gases,  but  in  with  the  other  alkali  metals  in  which  groui: 
argon  would  be  entirely  out  of  place  while  it  goes  verj- 
with  the  other  gases  of  the  helium  group.  Tellurium  and  ic 
are  interchanged  because  the  tellurium  evidently  belongs  tc 
sulfur  group  and  iodine  to  the  halogen.  Many  researches  I 
been  undertaken  to  see  if  there  was  not  some  error  in  the  d< 
minatioii  of  the  atomic  weight  of  either  tellurium  or  iodine 
they  have  led  to  the  conclusion  that  tellurium  actually  b 
higher  atomic  weight  than  iodine. 

Another  defect  in  the  table  is  that  there  is  no  good  placi 
hydrogen.  Some  have  placed  it  at  the  head  of  the  hfJi 
family  and  others  as  the  first  member  of  the  sodium  group, 
neither  these  nor  any  other  suggestions  which  have  been  n 
seem  to  fit  the  case  and  the  question  of  the  proper  locatio 
hydrogen  in  the  periodic  system  remains  an  open  one. 

There  are  other  imperfections  in  the  table  which  will  bee 
evident  as  we  go  along,  but  on  the  whole  it  furnishes  a  na1 
and  very  useful  system  for  the  classification  of  the  elements, 
it  seems  not  unlikely  that  its  apparent  irregularities  and  del 
will  finally  be  found  to  have  a  great  significance  and  to  be 
important. 

Although  each  of  the  first  eight  vertical  columns  in  the  tal 
made  up  of  very  similar  elements,  a  knowledge  of  their  prope 
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soon  shows  that  each  group  ia  composed  of  two  sub-groups,  and 
that  the  members  of  each  sub-group  are  found  in  the  alternate 
rows  or  periods.  This  is  brought  out  in  the  table  by  setting  the 
rows  or  periods  alternately  to  the  right  and  left  of  the  group. 
As  a  rule,  the  members  of  each  sub-group  are  more  nearly  like 
one  another  than  they  are  like  the  members  of  the  other  sub- 
group within  the  family.  The  first  member  of  each  group  usually 
has  properties  in  common  with  both  of  the  sub-groups  and  forms 
a  connecting  link  between  them. 

Group  VIII  is  a  rather  exceptional  group  in  that  it  is  compoaeii 
of  three  sets  of  elements,  each  set  having  three  members  who* 
atomic  weights,  specific  gravities  and  general  properties  sre 
very  similar.  In  this  group,  the  elements  which  are  most  alite 
are  found  side  by  side,  although  there  is  also  a  distinct  tendency 
toward  airaUarity  in  the  vertical  columns. 

It  will  be  noticed  that  these  seta  of  three  elements  come  at  liif 
end  of  the  third,  fifth,  and  ninth  series  or  periods  of  the  element^ 

A  blank  space  in  the  table  indicates  that  no  elemeDt  v 
known  whose  atomic  weight  and  properties  would  give  it  thi 
position.  It  is  very  probable  that  some  of  these  elements  nl 
be  discovered  in  the  course  of  time.  In  the  meantime  it  i 
possible  to  make  a  fairly  definite  prediction  aa  to  the  propertic 
of  an  element  from  those  of  the  elements  surrounding  it  in  tb 
table.  This  was  done  with  surprising  accuracy  by  Mendelejei 
for  the  elements  of  scandium,  gallium,  and  germanium  wbic 
were  unknown  at  the  time  of  the  publication  of  the  table. 

Not  only  are  the  chemical  properties  of  the  elements  r^ulail 
recurrent  or  periodic  functions  of  the  atomic  weights,  but  tt 
same  is  also  probably  true  of  all  measurable  physical  properti* 
with  the  exception  of  the  specific  heat  which  is  inversely  propo 
tional  to  the  atomic  weight  for  all  solid  elements  of  fl 
atomic  weight  higher  than  35.  This  is  very  clearly  shown  b 
Fig.  50  which  represents  the  relation  between  the  denmty  of  tb 
elements  in  the  liquid  or  solid  state  and  the  atomic  weigt 
and  also  that  between  the  absolute  temperature  of  fusion  an 
the  atomic  weight,  the  former  being  shown  by  the  hear 
lines  and  the  latter  by  the  dotted  lines.  Most  other  physici 
properties  yield  similar  curves  and  indicate  clearly  that  tb 
properties  are  periodic  functions  of  the  atomic  weights. 
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.  would  be  very  interesting  to  know  the  proportions  in  which 
various  elements  are  present  in  the  earth  as  a  whole,  but  this 
laoifestly  impossible  since  we  have  no  way  of  getting  at  the 
ipoeition  of  its  interior.  We  can,  however,  get  the  analysis 
he  air,  the  ocean,  and  the  rocks  composing  the  outer  10  miles 
he  earth's  crust,  the  lithospbere  as  it  ia  called,  and  the  follow- 
table  (p.  274)  by  Clarke  of  the  United  States  Geological 
■vey  gives  the  results  of  some  thousands  of  analyses. 
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All  the  abundant  elements  have  an  atomic  weight  below  56 
d  the  heavy  metals  appear  to  be  present  in  very  small  quaa- 
les.  The  mean  density  of  the  earth  is  about  twice  that  of  the 
losphere  and  hence  it  has  been  supposed  that  the  heavier  ele- 
ota  have  collected  in  the  interior.  Others  ascribe  the  high 
udty  to  the  compression  due  to  the  weight  of  the  overlying 
Its.  This  much  is  certain,  however,  that  the  elements  cannot 
be  present  in  equal  quantities  by  weight  since  their  averi^^ 
isity  is  greater  than  the  mean  density  of  the  earth. 
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(93  pM  «ent,l 

Omd 
{7  p«  cent.) 

Oxygen 

17.33 

86.79 

50.02 

Silicon 

17.74 

25.80 

7.86 
4.50 

7.30 
4.18 

iKm 

Caloium 

3.47 

0.05 

3.13 

2.24 

0.14 

2.08 

2.46 
2.46 

1,14 
0.04 

2,36 
3.28 

PotMsiuni 

Hydrogen 

0.22 

10.67 

o.« 

Titanium 

0,46 

O.tt 

Carbon 

O.IB 

0,002 

0  IS 

OOorina 

0.06 

2.07 

0.30 

Bromine. 

0.12 

0,09 

0  11 

003 

0.10 
0.60 

0.10 
0.4T 

1 

MOO 

100.00 

100.00 

* 

1 
( 

CHAPTER  XXI 
THE  ALKALI  METALS 

Ca«-Rb«-K^Li-*Na-*Cu-*Ag-»Au> 

tup  I  of  the  periodic  system  is  composed  of  the  mono- 
l  alkali  metals,  lithium,  sodium,  potassium,  rubidium  and 
a,  and  a  distinct  sub-group  consisting  of  copper,  silver,  and 
The  alkaU  metals  resemble  one  another  closely,  and 
may  very  properly  be  considered  together.  In  many 
!ta  their  properties  are  typical  of  the  metals  and  a  discussion 
i  class  of  elementa  may  profitably  begin  with  them.  Cop- 
Uver,  and  gold,  however,  differ  so  markedly  from  the  alkali 
B  and  have  so  many  properties  similar  to  those  of  metals 
png  to  higher  groups,  that  it  seems  wise  to  leave  their 
Hion  to  a  later  point. 

ae  of  the  more  prominent  properties  of  the  alkah  metals  are 
below  in  tabular  form  for  sake  of  comparison. 


Elemeat 

Atomis  w«cht 

Dfld^ty 

6.94 
23.00 
39,10 
85-45 
132.81 

0.63 
0.97 

0.87 
1.52 
2.« 

186°C. 
97.6" 
62.6° 
38.6= 
26,5° 

1,400-0. 

878° 

^ 

i<^ 

758° 

1  be  noticed  that,  as  the  atomic  weight  increases,  the  melting- 
oiling-points  decrease  and  the  density  increases.    Sodium, 

ist  of  the  members  of  each  group  will  be  given  at  the  beginning  of  the 
ion  of  the  group.  To  ssve  space,  this  will  be  put  on  one  line.  The 
tr  ot  the  group  having  the  Hmalleet  atomic  weight,  which  is  also  the 
ting  link  between  the  two  sub-groups,  will  be  placed  about  the  middle 
line  with  the  members  of  the  two  sub-families  at  its  right  or  l«tt  ac- 
;  as  they  fall  into  the  right  or  left  hand  column  in  the  group  in  the 
esTstem. 
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however,  is  somewhat  irregular  in  its  denaity,  a  fact  which 
be  connected  with  the  position  of  sodium  in  the  periodic  sysU 
as  the  first  mrtniber  of  the  copper  Bub-group  since  these  meb 
all  have  high  densities.  This  individuality  of  sodium  sea 
to  extend  to  its  chemical  properties  since  potassium,  rubidim 
and  cesium  resemble  one  another  much  more  closely  than  tli 
do  sodium. 

The  alkali  metals  are  che  f  the  most  active  of  thin  di 

of  elements   and  ii  i*  ivity  as  their  atomic  «h| 

increases.     They    v  pose    water,    lithium   rapk 

and  cesium  with  tht:  k  mce.     In  each  case,  hydrof 

and  the  hydroxide  c  is  formed.     These  hydrosil 

are  soluble  and  are  Skn.  nd  it  is  this  fact  that  ^vee 

the  subgroup  the  a  metals. 

None  of  these  eic;u  i  found  free  in  nature,  all 

which  might  be  anticipated  (rom  their  great  chemical  activit) 
Sodium  and  potassium  are  among  the  more  common  elemnl 
and  do  not  differ  much  in  their  abundance,  but  owing  to  the  li 
that  enormous  quantities  of  sodium  chloride  have  been  deposite 
in  the  salt  bods  wlii<rh  are  found  widely  distributed  over  t 
earth's  surface,  while  only  a  few  notable  deposits  of  pota^ai 
salta  are  known,  the  sodium  compounds  are  much  more  avi 
able  and  consequently  much  cheaper  than  the  compounds 
potassium.  Since  the  sodium  salts  arc  fully  as  good  as  the  pots 
slum  for  all  purposes  which  do  not  demand  the  presence 
potassium  ion,  much  larger  quantities  of  the  sodium  compotu 
are  manufactured  and  used  than  of  potassium  compounds.  I 
this  reason,  the  detailed  discussion  of  the  alkali  metals  will  be) 
with  that  of  sodium. 

Sodium  I 

Occurrence. — Enormous    quantities    of   sodium    compou* 
chiefly  the  chloride,  are  found  in  sea  water,  and  in  places  vim 
some  of  the  sea  water  has  been  cut  off  from  thi 
and  evaporated,  great  beds  of  salt  have  bee: 
supply  of  this  important  substance  is  practia 

Other  important  sodium  compounds  occui 
siderable  quantities.    These  are  the  carbonai 
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arbonate,  NaHCO*,  the  nitrate,  NaNOi,  cryolite,  Nft»AIF», 
rax,  NsiBtOif  and  many  of  the  silicates. 
Pr^Huation. — Metallic  sodium  was  first  prepared  by  Davy 
1807  by  the  electrolyBia  of  fused  sodium  hydroxide,  the  method 
deb  is  used  at  the  present  day.  Sodium  hydroxide  is  melted 
an  iron  vessel  (Pig.  51)  and  electrolysed  between  iron  or 
skel  electrodes.  Sodium  and  hydro- 
It  are  Uberated  at  the  cathode  and 
^gen  at  the  anode;  the  metallic 
ffium  rises  to  the  top  of  the  bath 
)i  collects  under  an  iron  bell-Uke 
■sel  from  which  it  is  dipped  from 
■te  to  time.  The  sodimn  hydroxide 
replaced  as  it  is  used  up,  thus 
tking  the  process  continuous. 
Ousands  of  pounds  of  sodium  are 
IT  being  made  yearly  by  this  process 
Kiagara  Falls. 

Idany  attempts  have  been  made 
prepare  sodium  by  the  electrolysis 
fused  sodium  chloride,  but  the  ap- 
latus  used  has  always  been  so  short  hved  that\the  processes 
ve  not  been  successful.  x 

ftoperties. — Sodium  is  a  soft  metal  with  a  brilliant  silvery 
kite  luster  which  is  almost  instantly  lost  upon  exposure  to  the 
|t  owing  to  the  formation  of  a  film  of  oxide  or  hydroxide.  It 
pta  at  97.6°  and  boils  at  878''.  The  vapor  has  a  blue  color 
M  is  exceedingly  active  chemically.  This  makes  it  difficult 
I  obtain  the  molecular  weight  of  sodium,  but  the  results  indi- 
it«  that  its  value  is  23,  the  same  as  the  atomic  weight. 
be  metal  is  soluble  in  mercury,  forming  sodium  amalgam. 
I  contains  more  than  a  small  amount  of  sodium,  it  is 
!  amalgam  is  less  active  chemically  than  the  metal 
nds  extensive  application,  because,  for  many  purposes, 
1  is  too  vigorous. 

J  chemical  pi^jperty  of  sodium  is  its  great  tendency 
|ito  the  ionic  r* g,te-     ^i^  doing  this,  the  sodium  takes 
kjtricity  atjfJ  .  ^uce  is  a  strong  reducing  agent. 
letaHie  aoS^'ja  reacts     rLir^^^^  "'*'''  ^^^^>  '^*'*  ^^^  forma- 
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tion  of  sodium  hydroxide  and  hydrogen.  If  more  than  a  tht] 
small  piece  of  sodium  is  used,  a  violent  explosion  is  liable  hi 
occur.  Ordinarily,  the  hydrogen  evolved  does  not  become  sufr 
eiently  heated  to  take  fire,  but  if  the  motion  of  the  globule  i 
sodium  be  diminished  by  placing  a  piece  of  filter  paper  on  the 
surface  of  the  water,  the  hydrogen  catches  fire  and  bums  witli 
yellow  flame,  the  color  being  due  to  the  sodium. 

Moist  air  acta  rapidly  upon  sodium,  but  dry  air  at  ordinaiT 
temperatures  works  very  slowly.  Large  quantities  of  d» 
metal  are  preserved  in  soldered  tin  cans  or  closely  stoppenJ 
bottles.  Small  quantities  of  the  metal  are  best  kept  uikIuI 
petroleum  oil  which  is  without  action  on  the  metal. 

When  heated  in  the  air  sodium  burns  with  a  yellow 
forming  the  oxide  and  peroxide.  The  larger  part  of  the  sodioB 
manufactured  is  used  in  the  preparation  of  the  peroxide  nd  (f 
the  cyanide. 

Sodium  Hydride-^When  sodium  is  heated  to  340°  in  an 
atmosphere  of  hydrogen  a  crystalUne  compound,  NaH,  ia  formeii. 
This  dissolves  in  water  with  the  formation  of  sodium  hydroEil! 
and  twice  as  much  hydrogen  as  an  equivalent  quantity  of  tfes 
metal.  Because  of  the  great  amount  of  hydrogen  liberated  |W 
unit  weight  of  the  substance,  it  has  been  proposed  to  use  itti 
a  source  of  hydrogen  for  filling  balloons.  In  marked  distincliot 
from  most  of  the  hydrogen  compounds  of  the  non-metals,  sodium 
hydride  has  no  acid  properties. 

Sodium  Chloride. — Sodium  chloride  or  conmion  salt,  N»CI, 
may  be  prepared  by  the  interaction  of  moist  chlorine  and  metiii" 
sodium  or  by  neutralizing  sodium  hydroxide  with  hydrochlw 
acid  and  evaporating.' 

However,  sodium  chloride  is  never  manufactured  as  initial"' 
above,  because  of  the  fact  that  it  occurs  in  nature  in  largr  ■quul'" 
ties  in  easily  worked  beds  of  salt.  From  these  the  sal'  loij'* 
taken  by  ordinary  mining  operations  when  it  is  kno"-"?]!*™'' 
salt;  or  it  may  be  obtained  by  boring  down  into  the  »''**'(|iM* 
running  water  down  into  the  boring,  allowing  it  to  ?  "'  'uidiii'''* 
is  saturated  with  salt,  then  forcing  or  pumping  c"*"'^t  iln  ^ 
and  evaporating  it  to  secure  the  salt.     Large  qua '^''%tii#o'*^ 

■  It  is  remarkable  that  dry  chlorine  will  not  act  on  ar       pjiuffli 
melting-point  of  the  latter.  ^a.i\j 
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re  obtained  by  the  evaporation  of  brine  from  salt  springa  or  from 
be  ocean.  Water  from  the  ocean  is  usually  concentrated  by 
xpoeure  to  the  heat  of  the  sun  in  Bhallow  basina  constructed 
Lear  the  shore.  The  salt  bo  obtained  is  called  solar  salt.  The 
vincipal  impurities  contained  in  salt  beds  and  brines  are  calcium 
olfate  and  chloride,  magnesium  chloride  and  the  bromides. 

To  remove  these,  the  salt  must  be  purified  by  crystallization. 
Diis  cannot  be  done  by  preparing  a  hot  saturated  solution  and 
Uowing  it  to  cool,  since  the  salt  is  nearly  as  soluble  in  cold  as  in 
ot  water.  The  salt  is  purified  by  boiling  the  solution  which 
uickly  causes  the  greater  part  of  the  calcium  sulfate  to  pre- 
pitate,  and  then  concentrating  until  most  of  the  sodium  chloride 
aa  crystallized  out;  but  stopping  the  operation  before  the  other 
Dpurities  have  begun  to  separate.  Magnesium  or  calcium 
hlorides  are  particularly  objectionable,  since  they  cause  the 
lit  to  deliquesce  under  ordinary  atmospheric  conditions, 
•ure  sodium  chloride  will  not  deliquesce  except  in  the  very 
Ainpest  weather  of  the  summer. 

The  very  pure  sodium  chloride  required  for  many  chemicid 
Nirposes  is  obtained  by  dissolving  the  salt  in  water,  and  saturat- 
Dg  the  solution  with  hydrogen  chloride  which  precipitates  out  the 
[re&ter  part  of  the  salt,  ("pie  explanation  of  this  will  be  given 
ater. 

Aside  from  its  use  in  food  and  as  a  preservative,  sodium  chloride 
<  the  source  of  practically  all  other  sodium  compounds  and  of 
ibe  greater  part  of  the  chlorine  and  chlorine  compounds  of  com- 
iierce.  For  these  reasons  it  is  a  very  important  substance  and 
>  used  by  the  millions  of  tons  yearly. 

Sodium  Bromide  and  Iodide. — Sodium  bromide  and  iodide 
ve  very  similar  to  the  chloride. 

Ilie  solubility  of  the  bromide  is  greater  than  that  of  the 
i>Ioride  and  is  in  turn  exceeded  by  ttiat  of  the  iodide,  so  it  may 
■  *een  that  the  solubility  increases  as  the  atomic  weight  of  the 
■logen  increases. 

Both  salts  are  used  in  medicine  and  the  bromide  in  photography. 

6odlnin  Ozides. — Sodium  monoxide,  NatO,  may  be  prepared 

f  lifting  metallic  sodium  with  sodium  nitrate  or  nitrite  in  the 

t^use  cA  air.     The  equation  for  the  latter  reaction  is  as  follows: 

2NaN0»  +  6Na  -  4Na,0  +  N» 
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It  is  a  gray  substance  which  reacts  violently  with  water  to  fom 
the  hydroxide  NaOH. 

When  heated  in  an  excess  of  air  to  300°,  sodium  is  oxidized  t)i  ': 
sodium  peroxide,  NatOs-  To  carry  out  the  process,  the  sodiomiii 
thin  pieces  is  placed  in  aluminum  trays  which  are  slowly  passa! 
in  one  direction  through  an  iron  tube  heated  to  about  300°  whilt 
a  current  of  dry  air,  purified  frnin  carbon  dioxide,  is  passed  io 
the  opposite   direction.  53  the  air  from   which  the 

oxygen  has  Inrgely  been  remo  ontact  with  the  fresh  Bodium 

and  so  moderates  the  reac  lile  the  nearly  oxidized  sub- 

stance comee  in  contact  witi.  ah  air  and  is  fully  oxidiwd 

We  have  here  one  reacting  ince  moving  in  one  direttioD 

and  the  other  in  the  opposite.  trrangement  is  often  adopted 

in  chemical  work  and  is  s  "the  principle  of  counto 

currents."     The  sodium  \n..  to  prepared  finds  extenaive 

use  as  an  oxidizing  agent  ana  a^  d  source  of  oxygen,  since  it 
reacts  with  water  with  the  formation  of  sodium  hydroxide  wd 
hydrogen  peroxide  which  then  breaks  down  into  water  and 
oxygen.  Fused  sodium  peroxide,  known  as  oxone,  is  put  on  the 
market  for  this  purpose.  A  small  (juantity  of  a  copper  compound 
is  added  to  the  peroxide  to  catalytically  decompose  the  hy- 
drogen 'peroxide. 

Sodium  Hydroxide.^ — Sodium  hydroxide  may  be  prepared  by 
the  action  of  the  metal  upon  water,  and  is  so  prepared  when  l 
very  pm-e  article  is  required.  The  hydroxide  obtained  by  tlu! 
method  is  of  course  too  expensive  for  most  purposes,  and  the 
bulk  of  the  substance  must  be  prepared  in  other  ways.  It  nay 
be  made  in  a  purely  chemical  way  by  adding  calcium  hydroxide 
in  suspension  in  water,  milk  of  Ume  as  it  is  called,  to  an  8  to  ^^ 
per  cent,  solution  of  sodium  carbonate  and  boiling  for  a  time. 
Difficultly  soluble  calcium  carbonate  is  precipitated  and  a  solu- 
tion of  sodium  hydroxide  is  left: 

•      ^  NosCO,  +  Ca(OH)i  =  CaCO»  +  2NaOH 

Sodium  hydroxide  is  also  prepared  by  the  electrolysis  oi  ^ 
solution  of  sodium  chloride  using  mercury  for  the  cathode. 
Under  these  conditions,  sodium  amalgam  is  formed  which 
is  removed  from  the  electrolytic  chamber  and  allowed  to  reftrt 
with  water  when  hydrogen  and  sodium  hydroxide  will  be  fonned. 
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le  mercury  freed  from  the  sodium  ia  returned  to  the  electro- 
EtQg  chamber  and  retransformed  into  the  amalgam.     At  the  J 
iphite  anodes,  chlorine  is  evolved.     This  process  is  carried  out  j 
Niagara  Falls  and  other  places  where  power  is  very  cheap. 
Mother  successful  electrolytic  process  is  that  using  what  is  1 
Dwn  as  the  Townsend  cell.     This  is  shown  in  Fig.  52.     The  j 
3de  is  graphite;  D  and  D  are  asbestos  diaphragms  painted  I 
;h  a  mixture  of  iron  oxide,  asbestos  fiber, 
d     colloidal     ferric     hydroxide-       The 
hodes  are  two  in  number,  and  are  made 
perforated  plates  of  iron  directly  in  con- 
:t   with   the   diaphragms.      The    anode 
amber  is  filled  with  brine  which  perco- 
*3  slowly  through  the  diaphragms  and 
iks  to  the  bottom  of  the  cathode  cham- 
^rs,  the  remaining  space  in  these  cham- 
as    being    filled    with    kerosene.     From 
lese,   the   brine   passes  off    through   the 
»6e   necka,    B.      When    the    current    is 
aned  through  the  cell,  chlorine  is  given 
I  at  the  anode,  and  hydrogen  and  sodium 
ydroxide  appear  at  the  cathode.       Since 
ydroxyl  is  an  anion,  it  tends  to  travel 
award  the  anode,  but  the  brine  ia  made  to 
ttcolate  through  the  diaphragms  rapidly 
nough  to  sweep  back  the  hydroxyl  and  hence  prevent  what 
'oold  otherwise  be  a  serious  loss.     The  cathode  solution  con- 
Una  both  sodium  hydroxide  and  chloride.     As  this  is  evapo- 
ited,  the  chloride  becomes  practically  insoluble,  and  may  be 
adily  separated  from  the  hydroxide. 

Sodium  hydroxide  is  a  deliquescent  white  substance  which 
exceedingly  soluble  in  water.  It  ia  a  very  strong  base  and  is 
mcrally  used  when  such  a  substance  ia  required  as  in  the  manu- 
cture  of  soap,  paper-pulp,  and  in  many  other  chemical  processes. 
is  also  commonly  used  in  the  laboratory  when  a  solution 
Dtaining  the  hydroxyl  ion  is  needed. 

Sodium  Carbonate. — Sodium  carbonate,  NatCOi,  has  so  many 
es  that  it  is  almost  iQ^jgpensable  to  our  civihzation.  It  is 
id  in  nature  in  depogjig  a.nd  in  solution  in  the  lal 
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drier  parts  of  the  earth's  surface.  The  United  States  has  i 
number  of  such  lakes,  Mono  Lake  and  Owens  Lake  in  Colifornii, 
for  example.  These  two  lake^  contain  over  a  hundred  million 
tons  of  the  carbonate.  It  can  be  extracted  cheaply  but  high 
tranaporation  charges  prevent  its  general  use. 

The  ashes  of  sea  plants  contain  sodium  carbonate  and  this  va 


formerly  the  chief  sour 
pound  was  at  least  ten 
this  raised  the  price  of  i 
The  oldest  practical 
carbonate  from  the  < 
process.  It  was  invi 
involves  essentially  t: 
version  of  sodium  ch'"" 
sulfuric  acid  in  a  eh 
of  salt  with  one  mole  oi 


At  that  time  this 
[pensive  than  at  present  and 
ings,  notably  glass  and  soaii 
the  preparation  of  sodium 
.t  known  as  the  Le  Blanc 
ianc  in  1791,  The  method 
le  first  consists  in  the  coii- 
te,  NajSOi,  by  heating  with 
)an  a  mixture  of  two  molea 
nber"  sulfuric  acid.     A  rapid 


reaction  takes  place  until  half  of  the  salt  has  been  decomposed 
forming  sodium  acid  sulfate  and  hydrogen  chloride  as  ahomi 
in  the  following  equation: 

NaCl  +  HiSO*  =  NaHSO.  +  HCl 

The  evolution  of  hydrogen  chloride  now  comes  to  an  end  and  the 
mixture  solidifies.     This  mixture  is  raked  out  of  the  pan  on  lo 


Fig    63 

the  hearth  of  a  reverberatory  furnace  where  it  is  kept  wdl 
stirred  by  rakes  and  heated  to  a  high  temperature  by  being 
brought  in  contact  with  the  flames  and  hot  gases  from  the  fire 
end  of  the  furnace.    Such  a  furnace  together  with  the  decom- 
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pofling  pan  is  shown  diagr&mmatically  in  Fig.  53^  p  is  the  decom- 
posing pan^  h  the  hearth,  f  and  f  the  fires  and  c,  c  the  flues  by 
which  the  hydrogen  chloride  and  the  products  of  combustion 
escape. 

The  furnace  is  called  a  reverberatory  furnace  because  the 
flames  are  deflected  by  the  roof  and  caused  to  play  upon  the 
hearth. 

On  the  hearth  of  this  furnace  the  sodium  acid  sulfate  reacts 
with  the  remaining  sodium  chloride  as  shown  below, 

NaCl  +  NaHSOi  =  NajSO*  +  HCl 

The  sodium  sulfate  so  obtained  is  called  salt  cake. 

The  second  step  consists  in  the  reduction  of  the  sodium  sulfate 
to  sulfide,  NasS,  by  powdered  coal;  and  the  third,  of  the  trans- 
formation of  the  sulfide  to  carbonate  by  heating  with  calcium 
carbonate  in  the  form  of  chalk,  or  powdered  limestone. 

These  two  reactions  are  carried  out  at  one  operation  by  heating 
a  proper  mixture  of  sodium  sulfate,  slack  coal  and  limestone, 
either  in  a  reverberatory  or  in  a  rotary  cylindrical  furnace  through 
which  the  flames  from  the  fire  box  pass.  The  latter  form  of 
furnace  saves  the  great  amount  of  hand  labor  required  to  keep 
the  charge  stirred  on  the  hearth  of  the  reverberatory  furnace. 
The  equations  for  the  reactions  are, 

Na,S04  +  2C  =  NaiS  +  2C0t 
Na,S  +  CaCOa  =  Na2C08  +  CaS 

The  product  of  this  fusion  is  black  in  color  and  is  known  as 
black  ash.  It  contains  sodium  carbonate,  calcium  sulfide, 
calcium  oxide,  coal,  and  a  large  number  of  other  susbtances. 
Sodium  carbonate  is  the  only  easily  soluble  substance  present 
hence  it  is  extracted  from  the  black  ash  by  water,  using  the 
principle  of  counter  currents  by  allowing  the  fresh  water  to  come 
in  contact  with  the  ash  from  which  nearly  all  the  sodium  car- 
bonate  has  been  dissolved  while  the  nearly  saturated  solution 
acts  upon  the  fresh  black  ash.  In  this  way,  practically  all  the 
carbonate  is  removed  from  the  ash  and  a  nearly  saturated  solu- 
tion is  obtained.  This  solution  is  then  evaporated  and  the  salt 
separates  as  the  monohydrate,  Na2COs'H20,  which  is  called 
"crystal  carbonate."     The  crystals  are  dried  at  a  higher  tem- 
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residue  in  vaXxx  and  paas  in  cxruuu  uioxide  from  lime  kilns  whea 
bydn^n  sulfide  is  formed  according  to  the  foiloning  equataon: 

CaS  +  H,0  +  CO,  =  CaCO,  +  H^ 

This  hydrogen  sulfide  is  then  burned  to  water  and  sulfur  in  a 
limited  supply  of  air, 

2H^  +  0,  =  2H,0  +  2S  . 

The  hydrogen  chloride  evolved  in  preparing  the  salt  cake  is  ot 
course  »&\':i\  and  either  marketed  as  hydrochloric  acid  or  matle 
into  bleacliing  powder. 

The  Solvay  or  ammonia  soda  process  has  been  in  successful 
use  for  more  than  forty  years.  It  consista  essentially  in  saturai* 
tng  a  solution  containing  sodium  chloride  and  ammonia  is  the 
proper  proportions  with  carbon  dioxide.  When  the  eolutio*^ 
lM!<romeB  well  saturated,  solid  sodium  bicarbonate,  NaHCC 
b(;gin8  to  separate  out  and  continues  to  do  so  until  a  little  mov^ 
than  two-thirds  of  the  sodium  chloride  has  been  transformed. 

While  the  mechanical  details  of  the  process  are  bo  comply 
that  some  of  the  larger  works  on  technical  chemistry  should  tc= 
consulted  for  them,  its  chemistry  is  simple.  The  carbon  dioxid^ 
ammonia,  and  water  combine  to  form  a  solution  of  ammoniu^' 
bicarbonate,  NHtHCOj, 

CO,  +  NH,  +  H,0  =  NHtHCO.  ■ 
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This  then  reacts  with  the  sodium  chloride  to  form  Bodium  bicar- 
bonate which  is  precipitated,  and  ammonium  chloride  which 
remains  in  solution.     The  equation  ia, 

NH,HCO.  +  NaClf^  NaHCOi  +  NH,C1 

or  written  in  the  ionic  form 

NH4+  +  HCO,-  +  Na+  +  Crj=iNaHCO,  +  NH/  +  CT 

The  sodium  bicarbonate  is  then  filtered  off,  washed,  and  heated 
to  change  it  into  the  carbonate, 

2NftHC0,  =  NaiCO,  +  COi  +  H,0 

The  carbon  dioxide  so  obtained  furnishes  a  portion  of  that  re- 
quired in  the  process,  but  the  greater  part  of  the  gas  comes  from 
the  burnii^  of  limestone  in  specially  designed  lime  kilns.  The 
ammonium  chloride  which  is  left  in  the  solution  from  which  the 
sodium  bicarbonate  has  separated  is  worth  about  eight  times  as 
much  as  the  sodium  carbonate  which  it  helps  to  prepare,  conse- 
<iuently  the  ammonia  must  be  recovered  and  used  again.  This  is 
done  by  adding  slaked  lime  to  the  mother  liquor  and  boiling  off 
"^e  ammonia  formed,  absorbing  it  in  fresh  brine  and  so  keeping 
^'  in  circulatjon.    The  equation  is, 

2NH«C1  +  Ca(OH),  =  2NH,  -|-  2H,0  +  CaCl» 

**^  calcium  chloride  so  obtained  is  mixed  with  undecomposed 
^'iium  chloride  and  finds  but  little  application. 

^the  Solvay  process  produces  much  purer  sodium  carbonate 

^^ji  the  Le  Btanc  process  and  is  for  many  locations  the  cheaper. 

.     ^^K^tertieB  of  Sodium  Carbonate. — The  deca-hydrate  forms 

.   ^^e  transparent  crystals  which  effloreace  ea^ly,  passing  over 

^"%io  the  monohydrate.     This,  in  turn,  in  very  dry  air  or  at 

%:ugher  temperature  loses  water  and  becomes  anhydrous. 

^Anhydrous  sodium  carbonate  is  a  white  opaque  substance. 

^     disBolvefl  in  water  with  the  evolution  of  heat.    A  solution 

^    eodium  carbonate  is  fairly  alkahne,  due  to  hydrolysis  funce 

"^^Jbonic  acid  is  a  weak  acid.    For  solutions  of  ordinary  con- 

^^jitration,  something  yke  1  to  2  per  cent,  of  the  carbonate  is 

^^drolysed. 
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UsM  of  Sodium  Carbonate. — Sodium  carbonate  is  used  in 
making  glass,  soap,  in  the  softening  of  water,  in  washing  and 
bleaching  of  linen  and  cotton  fabrics,  washing  wool,  papermak- 
iQSi  dyeing  and  dye  manufacture,  the  making  of  sodium  saite. 
as  a  reagent  in  the  laboratory  to  furnish  the  carbonate  ion,  anil 
for  many  other  important  and  useful  purposes.  Its  consumptioD 
amounts  to  millions  of  tonr* '-■ 

Sodium  Bicarbona  carbonate,  NaHCOt,  whirb 

is  also  called  sodium  b        -.c  lodium  hydrogen  carbomte, 

primary  sodium  carb'  um  carbonate,  baking  »o<i», 

saleratus,  or  by  the  huuet;         o.  soda,  occurs  in  nature  along 

with  sodium  carbonate.  ned  in  the  manufacture  oi 

sodium  carbonate  bj        ;  icess  or  by  acting  upon  the 

monohydrate  with  car 

It  is  a  white  cryst  ^^  ich  decomposes  into  godium 

carbonate,  water,  ana  cti  xAm. when  heated  to  a  moderaW 

temperature.  A  solution  of  the  bicarbonate  contains  a  littk 
carbonic  acid  formed  according  to  the  following  equation. 

2NaHC0,  t^  NasCO,  +  HjCOj 

When  the  solution  is  boiled,  the  carbonic  acid  breaks  down  into 
water  and  carbon  dioxide,  which  escapes  in  the  form  of  bubbles. 

Sodium  Nitrate. — Sodium  nitrate,  NaNOj,  occurs  wide]y 
distributed  in  nature  in  small  amounts  and  is  found  in  enormous 
quantities  in  certain  deposits  in  the  desert  regions  of  Chile 
These  deposits  arc  scattered  over  an  area  a  few  miles  in  width 
and  500  miles  long.  The  crude  nitrate  always  contains  con- 
siderable sodium  chloride,  nitrate  and  perchlorate  of  potasaium, 
and  sodium  iodate,  with  occasionally  some  chromate.  ^1>* 
iodine  is  an  important  by-product.  Tlie  nitrate  is  purified  by 
dissolving  it  out  of  the  crude  material  with  hot  water  and  alio*' 
ing  the  solution  to  crystallize. 

The  yearly  production  is  about  2,000,000  tons  which  is  some- 
thing like  I  per  cent,  of  the  available  supply. 

Sodium  nitrate  crystallizes  in  rhombohedra  which  melt  witb" 
out  decomposition  at  317°.  It  is  very  soluble  in  water  ac'^ 
deliquesces,  which  makes  it  unfit  for  the  better  grades  of  gu"' 
powder.  It  is  used  in  the  manufacture  of  blasting  powder, 
of  nitric  and  sulfuric  acids,  of  potassium  nitrate,  as  a  preservative 
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-  meats,  and  in  making  sodium  nitrite,  but  the  greater  part  is 
ed  as  a  nitrogen  fertilizer. 

Sodiam  Nitrite. — Sodium  nitrite,  NaNOi,  is  made  by  heating 
dium  nitrate  with  lead  or  iron  and  recrystaUizing  the  product, 

NaNO,  +  Pb  =  NaNO,  +  PbO 

is  very  soluble  in  water  though  less  so  than  the  corresponding 

taaaium  salt.    It  is  largely  used  in  the  manufacture  of  organic 

es. 

Sodiam  Sulfate.— Sodium  sulfate,  deca-hydrate,  NaiSO4-10HiO 

8  been  known  for  centuries  under  the  name  of  Glauber's 

Its,  having  been  first  described  by  Glauber  in   1658.     The 

It  may  also  be  obtained  aa  the  heptarhydrate,  NaiSO(-7HiO 

id  in  the  anhydrous  state. 

Aa  has  been  mentioned,  sodium  sulfate  is  made  as  the  first  step 

tbe  Le  Blanc  process  for  the  preparation  of  sodium  carbonate 

id  also  for  uae  in  the  manufacture  of  glass. 

The  solubility  relations  between  the  different  forms  of  sodium 

Ifate  are  interesting  and  instructive,  being  in  many  ways 

pical  of  all  salts  which  crystallize  with  different  numbers  of 

)leculefl  of  water  of  crystaUization. 


I^  two  hydrates  and  the  anhydrous  salt  are  each  distinct 
^letaDces  and  as  such,  each  has  its  own  solubility  at  any  given 
Itperature,  which,  in  general,  is  different  from  that  of  either  of 
e  otheta,  as  is  shown  by  the  curves  in  Fig.  54. 
Theee^curves^sbow,  f      example,  that  at  20**  a  solution  in 
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equilibrium  with  Na!S04-10HiO  will  contain  per  100  pm.  of 
water  19.4  grm.  of  the  salt  naloulated  as  NasS04,  while  thoeein 
equilibrium  with  NaiSO,-7HsO  or  with  the  anhydrous  salt  Ma- 
tain  respectively  44  grm.  and  54  grm.  of  NajSO*  per  100  p-m.  d  i 
water.  These  figures  demonstrate  that  the  solubility  of  a  alt 
cannot  be  expressed  by  a  definite  number  unless  there  iagivw, 
in  addition  to  the  temperw*'  "  pressure  at  which  tbcmeA*- 

urement  is  made,  the  part  1  phase  with  respect  to  whicti 

the  solution  is  in  equilibrii"" 

Sodium   sulfate   is  e  one  to  form  supersaturstai 

solutions  and,  if  a  soluiion  pared  which  is  saturated  or 

nearly  saturated  with  the  sai  )out  32°,  but  which  does  not 

contain  the  smallest  trace  of  olid  deca-hydrate,  be  coola) 

to  ordinarj-  temperatures  i  »  '  closed  with  a  plug  of  eotlM 
all  the  salt  will  remain  in  ,  although  it  contains  s\m\ 

twice  the  solute  which  a  saturated  solution  of  the  deca-hydratf 
would  contain.  If  now  even  a  very  small  piece  of  a  crj'sta!'' 
Na!S04-10HiO  bo  introduced  into  the  liquid,  crystallization  bIH 
at  once  take  place  and  continue  until  the  solution  is  no  more  thM 
saturated.  Sodium  sulfate  is  such  a  common  substance  that  it 
is  almost  universally  present  in  dust  and  the  cotton  plug  is  \^ 
to  exclude  the  latter,  and  so  prevent  the  crystallization  of  iti? 
salt. 

The  solubility  curves  for  the  deea-hydrate  and  the  anhydroi^ 
Bait  intersect  at  32.4°  and  hence  at  this  temperature  the  two 
salts  are  in  equilibrium  and  have  the  same  solubihty.  At  ii' 
temperatures  below  this  point  the  anhydrous  salt  is  the  mofc 
soluble  an<l  is  meta-stable  toward  the  deca-hydrate,  while  above 
this  point  the  deca-hydrate  is  the  more  soluble  and  is  meta-stable. 
In  the  curves,  meta-stable  equilibrium  is  shown  by  the  dotted 
and  the  stable  by  the  sohcl  lines. 

When  crystals  of  the  deca-hydrate  are  heated  to  32.4°,  they 
partially  Hquefy  depositing  some  anhydrous  salt  and  forniinK*  1 
solution  saturated  both  with  the  deca-hydrate,  and  the  anhydrous  i 
salt.  The  crystals  of  the  deca-hydrate  give  a  rather  high  vapor 
pressure  of  water  and  hence  efHoresce  easily  upon  exposure  to 
the  air. 

Sodium  sulfate  is  used  in  medicine  as  a  cathartic  and  also  in 
the  manufacture  of  glass  and  of  sodium  carbonate. 
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Sodium  Sulfite. — Sodium  sulfite,  Na2S08'7HsO;  is  prepared  by 
viding  a  solution  of  sodium  carbonate  into  two  equal  parts  and 
.turating  one  with  sulfur  dioxide  when  carbon  dioxide  and  acid 
»dium  sulfite  will  be  formed, 

NajCOa  +  H,0  +  2SO2  =  2NaHS0,  +  CO, 

lie  remainder  of  the  carbonate  solution  is  then  added  and  carbon 
ioxide  and  the  neutral  sulfite  will  be  produced, 

NaaCOs  +  2NaHS0,  =  2Na2S03  +  H2O  +  CO, 

In  addition  to  the  acid  and  neutral  salts  mentioned  above,  a 
ompound  having  the  formula,  Na2S206,  known  as  sodium  disul- 
ite  or  sodium  meta-bisulfite  is  made  in  rather  large  quantities 
or  use  in  photography,  as  is  also  the  neutral  sulfite. 

When  exposed  to  the  air,  the  sulfites  take  up  oxygen  and  are 
banged  to  sulfates.  This  process  is  generally  retarded  by  the 
^fesence  of  small  quantities  of  certain  organic  substances  such 
8  alcohol  or  sugar  which  here  act  as  negative  catalyzers.  The 
Be  of  the  sulfites  in  photography  depends  largely  upon  their 
ower  of  reacting  with  oxygen  since  they  are  added  to  the 
developers,"  which  are  strong  reducing  agents  to  protect  them 
om  the  oxidizing  action  of  the  air. 

Sodium  sulfite  is  also  used  as  an  antiseptic  or  preservative  and 
i  an  "antichlor"  to  reduce  any  chlorine  which  may  be  left  in 
le  goods  after  bleaching  with  this  substance. 

Sodium  Sulfide. — Sodium  sulfide,  NasS,  is  prepared  on  a  large 
lale  by  the  reduction  of  the  sulfate  with  powdered  coal  at  a 
:gh  temperatiure  as  was  done  in  the  preparation  of  sodium  car- 
mate  by  the  Le  Blanc  process.  It  dissolves  in  water  and  the 
ilution  has  an  alkaline  reaction  owing  to  hydrolysis  which 
suits  in  the  formation  of  some  of  the  hydrosulfide,  NaHS,  or 
ther  of  the  hydrosulfide  ion,  HS~.  The  salt  crystallizes  with 
ne  molecules  of  water  as  Na2S'9H20,  and  is  able  to  take  up 
Ifur  to  form  various  polysulfides  of  which  the  compounds 
a4S9'14H20,  and  Na2S5  are  the  best  known. 
Small  quantities  of  these  sulfides  are  used  in  the  laboratory  as 
agents,  but  the  salts  find  extensive  use  in  the  manufacture  of 

me  kinds  of  glass  and  in  the  removal  of  hair  from  hides. 
10 
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Sodium  Thiosulfate. — Sodium  ttuosulfate,  NajS]0(-5H|0,  isu 
important  salt  which  may  be  made  by  boiling  a  solution  of  ^ 
sulfite  with  sulfur.  The  latter  is  taken  up  much  as  oxjf;cn  is  bj 
the  sulfites,  and  lhio8ulfat«s  are  regarded  as  sulfates  in  whith 
one  atomic  weight  of  Bulfur  haa  taken  the  place  of  an  atomic 
weight  of  oxygen.  The  salt  is  obtained  as  a  by-product  of  the 
Le  Blanc  process.  The  resi''"''  ~'  calcium  sulfide  left  in  ihis 
process  slowly  oxidizes  in  ■  o  the  thiosulfate,  and 

this  is  treated  with  sodium  can      ate,  calcium  carbonate  and 
sodium  thiosulfate  result. 

The  pent  a-h  yd  rate  is  very  i  le  and  readily  forms  super- 
saturated solutions.  It  melts  °  and  if  protected  from  duet 
will  remain  liquid  at  ordinary  ipcratures  until  brought  in 
contact  with  some  of  the  solid  f  This  Uquid  may  be  regarded 
as  either  the  supercooled  hydri         :  supersaturated  solution. 

The  salt  is  used  as  an  "anticnior"  to  destroy  the  excess  tl 
chlorine  used  in  bleaching  and  as  a  protection  against  the  'Vu 
gas"  which  is  chlorine,  and  also  &&  a  fixing  agent  in  pho- 
tography, a  use  which  mil  be  discussed  in  connection  with  the 
silver  salts. 

Ozyhalogen  Compounds  of  Sodium. — The  methods  of  prepara- 
tion,  propfrlies,    and   uses   of   sodium   hydrochlorite,   NaClO,  ] 
and  chloralo,  NaClOj,  have  already  been  given  under  the  oxygen 
compounds  of  chlorine  and  will  not  be  repeated  here. 

Sodium  Phosphates. — Three  sodium  salts  of  orthophosphoric 
acid  are  known,  monosodiura  phosphate,  NaHjPOi,  disodiiuB 
phosphate,  NaiHPOt,  and  trisodium  phosphate,  NaiP04.  1^' 
disodium  salt,  Na2HPOil2HsO,  isthe  mostfamiliarof  these.  H 
is  made  by  neutralizing  a  solution  of  phosphoric  acid  with  Bodiuo 
hydroxide  or  carbonate  and  allowing  it  to  crystallize.  The  salt  is 
easily  soluble  and  effloresces  readily.  It  is  used  in  medicine  ass 
laxative  and  in  the  laboratory  as  a  soluble  phosphate  reagent  to 
furnish  the  hydrophosphate  HPO*  ,  and  the  phosphate, 
PO4  ,  ions.  Solutions  of  NajHPO*,  are  practically  neutralin 
reaction,  from  which  it  follows  that  the  ion  HPOj  ~  ~  is  but  very 
slightly  dissociated  into  the  hydrogen  and  phosphate  ions,  M 
that  the  concentration  of  the  latter  is  very  small.  For  this 
reason,  if  the  solution  is  to  be  used  as  a  source  of  the  phos- 
phate ion,  PO4        ,  sodium  or  ammonium  hydroxide  ia  added  to 
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duce  the  concentration  of  the  hydrogen  ion  and  so  make  the 
PO4      ion  break  up.    The  reaction,- 

HP04~^H++P04— - 

Ci  C2  Cs 

reversiBle  and  according  to  the  law  of  mass  action,  CsCs/ci  —  a 
instant.  The  addition  of  a  base  to  the  solution  will  decrease 
te  concentration  of  the  hydrogen  ion  and  with  it  the  product  of 

and  Cs  and  this  will  of  course  have  to  be  followed  by  a  decrease 

Ci,  the  concentration  of  the  hydrophosphate  ion.  But  the 
rdrophosphate  ion  decreases  in  concentration  by  changing  into 
le  hydrogen  ion,  which  is  used  up  by  the  base,  and  the  phos- 
lAte  ion  which  accmnulates  in  the  solution.  So  a  solution  of 
sodium  phosphate  to  which  sodium  or  ammonium  hydroxide 
EI8  been  added  contains  a  much  larger  amount  of  the  phosphate 
»n  than  a  pure  solution  of  the  salt  and  is  used  when  the  proper- 
€8  of  the  phosphate  ion  are  sought. 

The  trisodium  salt,  NasP04'12H20,  is  made  by  adding  an  ex- 
ess  of  sodium  hydroxide  to  a  solution  of  the  disodimn  salt  and 
vaporating  to  crystallization.  Its  solution  in  water  is  very 
Jkaline  and  the  salt  is  practically  completely  hydrolyzed  into 
'IaiHP04  and  NaOH.  It  is  used  to  soften  or  break  "  hard 
^ter."  It  does  this  by  precipitating  the  calcimn  and  magnesimn 
rf  the  water  as  phosphates. 

The  monosodium  salt  is  very  soluble  in  water  and  the  solution 
8  acid  toward  Utmus. 

The  sodium  salts  of  the  other  phosphoric  acids  are  not  of 
^Uch  importance,  except  perhaps  the  metaphosphate,  NaPOs, 
^hich  fuses  easily  and  in  this  state  dissolves  many  oxides  and 
len  soUdifies  to  glass-like  masses  having  characteristic  colors, 
or  this  reason  it  is  used  in  blowpipe  analysis. 

Sodium  Tetraborate. — Borax  or  sodium  tetraborate,  NaiBiO?* 
)HsO,  has  been  described  imder  boric  acid  (see  p.  261).  «  Like 
le  metaphosphate,  when  melted  it  dissolves  metalUc  oxides,  and 
ves  characteristically  colored  glass-like  substances.    Because 

this,  it  is  used  in  blowpipe  analysis.  It  is  also  used  as  a  flux  in 
uxi  soldering. 

Sodium  Silicate. — A  salt  having  the  composition  Na2SiOs  can 
t  made  by  fusing  together  sodium  carbonate  and  silicon  dioxide. 


203  GENERAL  CHEMISTRY 

It  is  soluble  in  water  and  in  called  water  glass.  It  is  used  inf 
proofing  wood,  in  making  a  kind  of  artificial  stone  or  sand  bn 
being  mixed  with  sand  and  lime  for  this  purpose,  and  in  I 
household  for  preserving  eggs. 

Sodium  Cyanide.^Sodium  cyanide,  NaNC,  is  made  on  all 
Bcale  for  use  in  the  extraction  of  gold,  for  which  purpose  it) 
some  advantages  over  pi  '  * '  i  cyanide;  since  a  given  weii 
of  sodium  cyanide  has  in  i  irger  amount  of  cyanogen, 

essential  ion  for  the    purp  than    the   same    weight  of 

tassium  cyanide.  The  salt  la  made  by  passing  aminonia  d 
metallic  sodium  heated  to  "to  400°  in  an  iron  vessel  ir 
sodium  amide,  NaN       is  tut-n    1, 

2Na  +  2NaNHs  +  H, 

This  sodium  amide  is  th<  i  lugbt  in  contact  with  duv 
heated  to  dull  redness  when  sodium  cyanide  and  hydroga 
produced, 

NaNHj  +  C  =  NaNC  +  H, 
Sodium  cyanide  is  also  made  by  fusing  the  mixture  of  calc 
cyanamide  and  carbon  obtained  by  heating  calcium  cart 
in  an  atmosphere  of  nitrogen  with  sodium  carbonate. 

Na,CO,  +  CaCN,  +  C  =  2NaNC  +  CaCO, 

Like  all  other  soluble  cyanides,  sodiimi  cyanide  is  i 
poisonous. 

Sodium  Acetate, — Sodium  acetate,  NaCtHiOiSHiO,  is s ' 
easily  soluble  salt  which  is  made  by  neutralizing  acetic  acid  i 
sodium  carbonate.  It  is  used  in  the  laboratory  to  decresae 
acidity  of  a  solution  without  making  it  neutral  or  alkidine.  ' 
is  useful  in  analytical  chemistry  because  of  the  fact  that  id 
precipitates  will  form  in  weakly  acid  solutions  which  are  sol 
in  more  highly  acid  solutions.  To  make  the  conditions  favor 
for  the  formation  of  such  a  precipitate  in  a  solution  which 
tains  a  strong  acid,  such  as  hydrochloric,  all  that  is  necessaj 
to  add  to  the  solution  sodium  acetate  in  suf&cient  quan 
The  greater  part  of  the  hydrogen  ion  from  the  strong 
combines  with  the  acetate  ion  to  form  undissociated  acetic  i 
because  acetic  acid  is  a  weak  acid  and  thus  the  acidity  of 
solution  is  decreased. 
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Analytical  PropertleB  of  Sodium.--Like  the  salts  of  all  other 
Kftala,  the  solutions  of  sodium  salts  show  one  set  of  properties  in 
□atuon,  and  this  is  really  what  is  meant  when  it  is  said  that  they 
atain  sodium  as  ion.  In  general,  the  statement  of  the  ana- 
^cal  properties  of  an  ion  consista  in  giving  a  list  of  the  more 
■nmon  ions  with  which  it  will  form  difficultly  soluble  com- 
•vnds.  There  is,  however,  no  very  difficultly  soluble  com- 
rand  of  sodiimi,  so  this  element  must  be  recognized  in  some  other 
my.  For  this,  advantage  is  taken  of  the  fact  that  the  colorless 
hme  of  the  Bunsen  burner  is  colored  intensely  yellow  by  very 
Bull  quantities  of  sodium  and  when  this  flame  is  viewed  through 
spectroscope,  two  bright  yellow  lines  are  seen  if  the  instrument 
I  very  powerful  or  the  two  may  appear  as  one  in  the  smaller 
Mtruments  (see  Frontispiece).  This  is  an  exceedingly  delicate 
mat  and  will  detect  0.0000000003  grm.  of  sodium.  Eno\^h 
odium  is  present  in  practically  all  substances  to  give  this  test 
isui  one  must  judge  as  to  whether  sodium  is  present  as  as  incon- 
Bderable  trace  or  as  an  essential  constituent  from  the  length 
lltime  which  the  flame  color  lasts  as  well  as  its  intensity. 

When  the  light  from  a  powerful  arc  lamp  is  examined  with  a 
Electroscope  a  very  bright  continuous  spectrum  is  seen.  If  the 
^tkt  from  the  arc  passes  through  a  Bimseo  burner  flame  colored 
fellow  by  a  sodium  compound  before  it  enters  the  spectroscope, 
Hack  lines  appear  in  exactly  the  position  of  the  bright  sodium 
Qkefl  when  viewed  in  the  absence  of  the  arc  light.  In  fact,  the 
4ack  lines  may  be  made  to  change  into  bright  ones  simply  by 
bminishiog  the  intensity  of  the  arc.  This  and  other  similar 
Vperiments  lead  to  the  conclusion  that  an  incandescent  gas  will 
Ue  up  from  a  more  intense  source  of  light  just  that  kind  of  light 
frhicfa  it  gives  out,  and  when  the  more  intense  source  of  light  is 
^  solid,  this  will  produce  dark  hnes  on  a  bright  background. 
Ihe  dark  lines  come  just  where  the  incandescent  gas  alone  would 
(ive  bright  lines.  The  solar  spectrum  consists  of  a  bright  back- 
{round  crossed  by  a  very  great  number  of  dark  lines  many  of 
irhidt  are  identical  in  position  with  bright  lines  given  by  terres- 
trial Bubatances  when  in  the  incandescent  gaseous  state.  From 
Jieee  facta  it  is  supposed  that  the  sun  consists  of  an  intensely 
leated  oora  surrounded  by  an  atmosphere  of  gases  which  while 
neandeBcent  ara  much  cooler  than  the  core  and  which  con- 
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tfun  masy  of  our  well-known  terrestrial  elements.  The  preeesff 
of  sodium  for  example,  is  clearly  indicated  by  the  fact  thut  tiieii 
are  dark  linea  in  the  solar  spectrum  which  exactly  coincide  wli 
the  bright  lines  of  the  sodium  flame  (see  Frontispiece). 

In  this  way  the  presence  of  something  like  forty  tfiiratml 
elements  in  the  sun  has  been  ascertained.  Among  these  mj 
be  mentioned  hydrogen,  h    '  'rst  discovered  in  theeunuii 

then  foimd  in  the  earth),  c  i,  carbon,  chromium,  coWl. 

iron,  magneaium,  maganeac,  i  il,  silver,  sodium,  potaffiiim. 
and  vanadium. 


Occurrence. — Potassi'  bt  found  free  in  nature,  bul 

occurs  widely  distribute  [Quantities  in  the  silicate  nxta 

which  compose  the  greater  part  of  the  earth's  crust.  On 
average,  potassium  constitutes  about  2.46  per  cent,  of  thelift"" 
sphere.  Thin  is  the  same  as  the  sodium  content  of  the  rocti 
The  silicates  wtien  acted  upon  by  water  and  carbon  dioii^ 
slowly  decompose  and  their  potasaium  and  sodium  content  pas* 
into  solution.  One  would  expect  then  that  the  rivers  fliffiiM 
down  into  the  sea  would  carry  approximately  equal  quantitia 
of  sodium  and  potassium  salts,  but  this  is  not  the  case,  ^^ 
the  sodium  greatly  predominates.  The  explanation  for  thia  i* 
found  in  the  fact  that  soils  have  the  power  to  hold  back  ll* 
potassium  sails  by  what  is  known  as  adsorption  (see  p.  228). 

Potassium  salts  are  adsorbed  by  the  soils  while  the  aodiuffl 
salts  are  not,  and  hence  the  latter  easily  find  their  way  to  the 
ocean.  Because  of  this,  the  ocean  contains  relatively  more 
of  sodium  salts  than  of  potassium  (see  p.  274).  I 

In  spite  of  this  disproportion  between  the  sodium  and  pot*»- , 
slum  content  of  the  ocean,  it  might  be  expected  that  the  eonili- 
tions  which  would  give  rise  to  the  great  deposits  of  salt  would . 
produce  smallt-r  deposits  of  potassium  compounds.  But  anee 
the  potassium  content  of  the  sea  is  so  small  in  comparison  with 
that  of  the  sodium,  the  ancient  seas  would  have  had  to  become 
nearly  completely  dry  before  any  potassium  salts  would  be 
deposited.  This  would  put  such  salts  at  the  very  top  of  the 
deposits  where  they  would  be  extremely  liable  to  be  dissolved  and 
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ksbed  away.    So  far  as  can  be  reasoned  out  from  our  present 
QditionSy  such  deposits  could  only  be  formed  when  a  great  body 

sea  water  dried  up  completely  in  a  desert  region  and  the 
jposits  became  covered  so  deep  by  dirt  blown  in  from  the  sur- 
undings  that  they  were  protected  from  any  further  action  of 
ater.  At  any  rate  the  condition  would  be  quite  exceptional, 
id  as  a  matter  of  fact  only  three  large  deposits  of  potassium 
kits  are  known;  that  in  the  neighborhood  of  Stassfurt,  Germany, 
smaller  one  at  Kalusz  in  Austria,  and  another  in  northeastern 
pain  near  Barcelona.  The  climate  of  these  regions  is  now  far 
om  that  of  a  desert,  but  there  is  some  evidence  that  it  was  such 
'  the  time  of  the  formation  of  the  deposits.  The  discovery  of 
kIs  of  potassium  salts  in  this  country  has  frequently  been 
ported  of  late,  one  of  the  most  promising  being  that  at  Searles 
ike  in  California  and  another  the  deposits  of  basic  alum  called 
Unite  in  Utah. 

Potassium  Compounds  and  Plants. — Growing  plants  seem  to 
kve  an  imperative  need  for  compounds  of  the  alkali  metals, 
»tassium  and  sodium.  Those  which  grow  on  the  land  take  up 
itassium  compounds  from  the  soil  to  such  an  extent  that  their 
hes  formerly  constituted  the  chief  source  of  these  compoimds. 
le  plants  growing  in  the  sea  and  many  of  those  along  the  sea- 
ore  are  rich  in  sodium  salts.  Some  sea  plants,  however, 
tably  the  giant  kelps  of  the  Pacific,  take  up  potassium  com- 
unds  in  such  quantities  that  they  may  become  an  important 
3tor  in  meeting  the  needs  of  this  country  for  these  very  im* 
rtant  substances.  Large  plants  for  the  commercial  extraction 
potash  salts  from  kelp  are  now  being  put  in  operation. 
There  is  then  a  direct  connection  between  the  soluble  potassium 
ntent  of  a  soil  and  its  fertiUty,  for,  of  course,  plants  can  only 
3d  upon  soluble  substances.  The  soils  usually  contain  large 
lounts  of  insoluble  potassium  compounds  chiefly  silicates, 
lich  slowly  decompose  under  the  action  of  the  water  and  carbon 
oxide,  giving  rise  to  soluble  potassium  salts  and  thus  tending 

keep  up  the  supply  of  the  latter  in  the  soil.  But  if  the  land 
kept  under  cultivation  and  the  greater  part  of  the  crop  removed 

18  often  the  case,  Soluble  potassium  compounds  cannot  be 
rmed  as  rapidly  as  tkeV  O'^e  needed,  and  the  fertility  of  the  soil 
list  decrease.    Ti^      ^edy  is  obviously  to  restore  everything 
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possible  to  the  soil,  and  to  make  up  the  deficiency  in  poUaauoi 
by  uae  of  some  of  the  potassium  salts  as  fertilizers. 

Animals  have  need  for  considerable  quantities  of  sodium  ooit 
pounds  chiefly  for  the  chloride  which  constitutes  the  greste 
part  of  the  salts  in  the  body  fluids,  but  their  demand  for  potass^ 
is  rather  small.  Herbivorous  animals  get  with  their  food  miii^ 
larger  quantities  of  potasaiui"  ""■*  ■unaller  quantities  of  Bodiuin 
than  they  need.     Now  the  -^  tion  of  the  uniiecessarj'  po- 

tassium seems  to  be  unavoidi  scompanied  by  the  excretJoiJ 

of  the  useful  sodium  compounc  and  this  accounts  for  lb: 
great  appetite  for  sodium  chlorid  own  by  herbivorous  animals. 
Carnivorous  animals  get  their  i  and  potassium  in  the  proper 

proportions  in  their  fooH  •"'  lo  not  care  especially  tor  silt, 

Preparation  of  the  [etallic  potassium  was  Erfl 

prepared  by  Davy  ISUi  le  by  the  same  method  tint 

was  used  in  the  prepart,.,-.i  u.  sodium,  the  electrolyaa  of  the 
fused  hydroxide.  The  demand  for  potassium  is  not  large  ami 
only  small  quantities  arc  made,  because  sodium  which  is  toudi 
cheaper,  will  do  nearly  everything  that  potassium  can  do,  and 
since  the  atomic  weight  of  potassium  is  39. 1  while  that  of  sodium 
is  23,  39.1  parts  of  potassium  would  be  required  to  do  the  wori 
which  would  be  done  by  23  parts  of  sodium  at  a  much  lower  wit- 

Phj^sical  Properties. — Potassium  is  a  silver  white  metal  whidi 
very  quickly  tarnishes  upon  exposure  to  moist  air.  It  is  wuy 
at  ordinary  temperatures,  melts  at  62.5°  and  boils  at  75S° 
the  vapor  is  blue  in  color  and  the  molecular  weight  is  apparently 
identical  with  the  atomic  weight,  39.1,  Potassium  cAflilyforD" 
an  alloy  with  mercury  which  is  much  Ulce  the  corrcspondiDf 
sodium  amalgam. 

Sodium  and  potassium  form  an  alloy  which  is  interestii^ 
because,  if  it  does  not  contain  too  much  sodium,  it  is  a  hquid »' 
ordinary  temperatures. 

Chemical  Properties. — The  chemical  properties  of  potassium 
arc  practically  the  same  as  those  of  sodium  except  that  potassUBi 
is  somewhat  more  active,  so  that  when  thrown  upon  wat«r  the 
potassium  gets  hot  enough  to  set  fire  to  the  hydrogen  which  is 
evolved  and  which  burns  with  a  violet  flame,  this  being  the  colw 
given  to  flames  by  potassium  compounds. 

In  fact,  the  entire  chemistry  o'  ti  is  so  similar  to  that 
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sodium  that  in  most  oases  it  will  be  necessary  to  add  to  what 
18  given  under  soditun  merely  the  slight  points  of  difference 
esented  by  the  potassium  compounds. 

Potassium  Hydride. — Potassiiun  hydride,  KH,  is  prepared  in 
e  same  way  as  the  soditun  hydride  and  is  very  similar  to  it  in  its 
"operties. 

Potassium  Oxides. — Potassium  forms  two  compounds  with 
cygen,  a  monoxide,  KtO,  which  dissolves  in  water  to  give 
i^tassiiun  hydroxide  and  a  peroxide,  K1O4,  which  differs  from 
le  peroxide  of  soditun  in  composition,  but  like  it,  dissolves  in 
ster  with  the  formation  of  the  hydroxide,  hydrogen  peroxide 
nd  oxygen. 

Potassium  Hydroxide. — Potassiiun  hydroxide,  EOH,  or  caus- 
it  potash  is  so  similar  to  sodiiun  hydroxide  that  practically 
everything  which  was  said  concerning  that  compound  might  be 
ispeated  here  as  a  description  of  potassium  hydroxide.  It  may 
^prepared  by  the  electrolysis  of  potassiiun  chloride  or  by  acting 
tpon  a  dilute  boiling  solution  of  the  carbonate  with  calcium 
hydroxide  (milk  of  lime),  calcium  carbonate  being  precipitated 
uid  potassium  hydroxide  left  in  solution.  It  is  exceedingly 
loluble. 

It  is  a  very  strong  base  and  is  used  as  such,  but  wherever  possible 
^um  hydroxide  is  used  in  its  place.  The  reason  for  this  is 
•iuit  the  sodium  hydroxide  is  cheaper  and  less  of  it  is  required  to 
lo  a  given  amount  of  chemical  work  because  of  the  smaller 
atomic  weight  of  sodium. 

Potassium  hydroxide  is  very  deliquescent,  and  its  solutions 
^e  carbon  dioxide  from  the  air  forming  the  carbonate  which  is 
Jso  deliquescent. 

The  chief  technical  use  for  potassium  hydroxide  is  in  the  manu- 
^ure  of  soft  soap  and  of  oxalic  acid. 

Potassium  Chloride. — Potassium  chloride,  KCl,  is  found  in  the 
"Otassium  deposits  of  Stassfurt  and  is  known  as  sylvite.  It  is 
1^  found  there  as  double  salts  with  magnesium  chloride, 
Cl-MgCU-eHaO,  known  as  carnallite  and  with  magnesium  sul- 
^te,  MgSOi'KCl-SHsO,  kainite.  The  greater  part  of  the  potas- 
Um  chloride  of  commerce  is  made  from  carnallite.  The  crude 
^mallite  is  crushed  and  heated  with  a  solution  of  magnesium 
Uoride  left  from  previous  operations.    In  this  the  carnallite 
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poflsible  to  the  soil,  and  to  make  up  the  deficiency  in  potiusiia 
by  use  of  some  of  the  potassium  salU  as  foitilizt^ra. 

Animftls  have  need  for  considerable  quantities  of  sodium 
pounds  chiefly  for  the  chloride  which  eoDBtitutes  the  fruW 
part  of  the  salts  in  the  body  fluids,  but  their  demand  for  potAssum 
is  rather  small.  Herbivorous  animate  get  with  their  food  muck 
larger  quantities  of  potassi'in;)  nnrt  smaller  quantities  of  sodiun 
than  they  need.     Now  the  i  tion  of  the  unnecessary  po- 

tassium seems  to  be  unavoida  ^companied  by  the  excretion 

of  the  useful  sodium  compoui  and  this  accounts  for  tbe 
great  appetite  for  sodium  chloridi  own  by  herbivorous  animak 
Carnivorous  jininials  get  their  si  i  and  potassium  in  the  prope; 

proportions  in  their  food  and  hi  o  not  care  especially  for  «ait. 

Preparation  of  the  '.  Cetallic  potassium  was  Snt 

prepared  by  Davy  180*  i     le  by  the  same  method  th»l 

was  used  in  the  preparai.  »•.  lium,  the  electrolysis  ot  the 

fused  hydroxide.  The  demand  for  potassium  is  not  large  anj 
only  small  quantities  arc  made,  because  sodium  which  is  mucli 
cheaper,  will  do  nearly  everything  that  potassium  can  do,  ami 
since  the  atomic  weight  of  potassium  is  39. 1  while  that  of  sodium 
is  23,  39,1  parts  of  potassium  would  be  required  to  do  the  worl> 
which  would  he  done  by  23  parts  of  sodium  at  a  much  lower  ct* 

Physical  Properties. — Potassium  is  a  silver  white  metal  vUA 
very  quickly  furnishes  upon  exposure  to  moist  air.  It  is  w»xy 
at  ordinary  temperatures,  melts  at  62.5°  and  boils  at  758'; 
the  vapor  is  blue  in  color  and  the  molecular  weight  is  apparently 
identical  with  the  atomic  weight,  39.1.  Potassium  easily  torntf 
an  alloy  with  mercury  which  is  much  like  the  correspondioi 
sodium  amalgam. 

Sodium  and  potassium  form  an  alloy  which  is  interesting 
because,  if  it  docs  not  contain  too  much  sodium,  it  is  a  liquiJ »' 
ordinary  tempcrutures. 

Chemical  Properties. — The  chemical  properties  of  potasffliW" 
are  practically  the  same  as  those  of  sodium  except  that  potaBmiUD 
is  somewhat  more  active,  so  that  when  thrown  upon  water  1^ 
potassium  gets  hot  enough  to  set  fire  to  the  hydrogen  which  i* 
evolved  and  which  burns  with  a  violet  flame,  this  being  the  coltf 
given  to  flames  by  potassiiun  compounds. 

In  fact,  the  entire  chemistry  of  potassium  is  so  similar  to  that 
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Bodium  that  in  most  cases  it  will  be  necessary  to  add  to  what 
8  given  under  sodium  merely  the  slight  points  of  difference 
dsented  by  the  potassium  compounds. 

Potassium  Hydride. — Potassium  hydride,  KH,  is  prepared  in 
e  same  way  as  the  sodium  hydride  and  is  very  similar  to  it  in  its 
operties. 

Potassium  Oxides. — Potassium  forms  two  compounds  with 
:ygen,  a  monoxide,  KiO,  which  dissolves  in  water  to  give 
>tassitun  hydroxide  and  a  peroxide,  KiOi,  which  differs  from 
le  peroxide  of  sodium  in  composition,  but  like  it,  dissolves  in 
ster  with  the  formation  of  the  hydroxide,  hydrogen  peroxide 
ad  oxygen. 

Potassium  Hydroxide. — Potassiiun  hydroxide,  KOH,  or  caus- 
L€  potash  is  so  similar  to  sodium  hydroxide  that  practically 
verything  which  was  said  concerning  that  compound  might  be 
(epeated  here  as  a  description  of  potassium  hydroxide.  It  may 
^prepared  by  the  electrolysis  of  potassiiun  chloride  or  by  acting 
ipon  a  dilute  boiling  solution  of  the  carbonate  with  calcium 
hydroxide  (milk  of  lime),  calcium  carbonate  being  precipitated 
md  potassiiun  hydroxide  left  in  solution.  It  is  exceedingly 
oluble. 

It  is  a  very  strong  base  and  is  used  as  such,  but  wherever  possible 
odium  hydroxide  is  used  in  its  place.  The  reason  for  this  is 
hat  the  sodium  hydroxide  is  cheaper  and  less  of  it  is  required  to 
'o  a  given  amount  of  chemical  work  because  of  the  smaller 
tomic  weight  of  sodium. 

Potassium  hydroxide  is  very  deliquescent,  and  its  solutions 
&ke  carbon  dioxide  from  the  air  forming  the  carbonate  which  is 
Iso  deliquescent. 

The  chief  technical  use  for  potassium  hydroxide  is  in  the  manu- 
^ture  of  soft  soap  and  of  oxalic  acid. 

t^otassium  Chloride. — Potassium  chloride,  KCl,  is  found  in  the 
^tassium  deposits  of  Stassfurt  and  is  known  as  sylvite.  It  is 
^  found  there  as  double  salts  with  magnesium  chloride, 
Cl'MgCli'6HtO,  known  as  carnallite  and  with  magnesium  sui- 
te, MgSOi'KCl-SHsO,  kainite.  The  greater  part  of  the  potas- 
ilm  chloride  of  commerce  is  made  from  carnallite.  The  crude 
^mallite  is  crushed  and  heated  with  a  solution  of  magnesium 
doride  left  from  previous  operations.    In  this  the  carnallite 
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giving  oxygen  as  one  of  its  products.  It  was  used  by  Scheeie 
08  one  of  the  sources  of  this  substance  at  the  time  of  his  diacoveiy 
of  the  element. 

Fotassium  nitrate  is  used  in  the  laboratory,  in  nsedicine,  in 
preserving  meats  to  which  it  imparts  a  red  color,  and  in  the  mana- 
facture  of  fireworks  and  gunpowder.  This  last  use  absorbs  bj 
far  the  greater  part  of  the  KNO     if  commerce. 

The  composition  of  gunpowdt  aries  somewhat  but  is  nesf 
76  per  cent,  potassium  nitrate,  It     er  cent,  sulfur,  14  per  cent 


Degrees  Centigrade 
Fii..  55. 

charcoal,  and  1  per  cent,  water.  The  solid  ingredients  are  pulva^ 
ized  separate!}',  mixed  together,  moistened  and  ground  unt^ 
thoroughly  incorporated.  The  mixture  is  then  subjected  t" 
great  pressure  and  afterward  broken  up  into  fragments  which  an 
sorted  into  sizes  by  sifting.  The  grains  are  polished  or  given 
a  glaze  by  rattUng  them  in  a  barrel,  dried  to  remove  the  water 
added  during  the  various  operations,  and  finally  dusted  by 
passing  the  powder  over  very  fine  sieves. 

Gunpowder  contains  two  easily  combustible  substances,  sulfur 
and  charcoal  in  intimate  contact  with  a  very  good  oxidiiing 
agent,  potassium  nitrate.  At  a  somewhat  elevated  temperaturCr 
these  react  very  rapidly  with  the  production  of  the  gases  nitro- 
gen, carbon  monoxide,  carbon  dioxide,  hydrogen,  marsh  ga*i 
hydrogen  sullide  and  a  number  of  solid  substances  chief  among 
which  is  potassium  carbonate.  The  great  amount  of  gas  pto* 
duced  together  with  the  high  temperature  of  the  reaction,  about 
2,200°C.,  produces  great  press"-'  *■  "^  '"h  would  reach  above  6,400 
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nospheres  or  47  tons  per  squ&re  inch  if  the  producte  of  the 
plosion  occupied  the  volume  of  the  gunpowder  before  the 
plosion.  To  this  high  pressure  the  well-known  effects  of 
npowder  are  due. 

Sodium  nitrate  is  much  cheaper  than  the  potassium  salt,  and 
used  in  making  the  lower  grades  of  powder  for  blasting,  but 
nnot  be  used  in  the  better  kinds  because  it  is  deliquescent. 
Potassium  Carbonate. — Potassium  carbonate,  KiCOi,  which  is 
lUed  potash  or  pearlash  was  formerly  the  most  important  of  the 
itassium  salts  as  it  was  the  source  of  other  potassium  oom- 
lunds,  but  since  the  discovery  of  the  Stasafurt  deposits  it  has 
rgely  lost  its  position.  In  former  times,  it  was  obtained  from 
Dod  ashes  by  leaching  them,  using  the  principle  of  counter 
irrents,  but  it  is  now  chiefly  obtained  from  the  potassium  sulfate 

the  Stassfurt  deposita  by  a  modification  of  the  Le  Blanc 
ocess  for  the  preparation  of  soda;  or  from  potassium  chloride 
'  taking  advantage  of  the  fact  that  when  carbon  dioxide  imder 
esBiire  is  passed  into  potassium  chloride  solution  containing 
agnesium  carbonate  in  suspension,  a  double  salt  having  the 
rmula  KHC0t'MgC0i'4Ht0  is  deposited  at  temperatures 
itow  24''C.  This  salt  is  decomposed  by  hot  water,  forming 
[gCOi  which  is  precipitated,  carbon  dioxide  which  passes  out  of 
le  solution,  and  a  solution  of  potassium  carbonate  from  which 
le  salt  may  be  obtained. 

Potassium  carbonate  is  also  obtained  from  the  residue  of  beet 
igar  manufacture,  and  some  is  still  extracted  from  wood  ashes. 

Potassium  carbonate  is  a  white  solid;  it  is  deliquescent  and 
ence  is  very  soluble  in  water.  The  solution  is  alkaline  in; 
action  because  of  hydrolysis  and  the  formation  of  HCOi~  + ; 
'H~. 

It  is  used  in  making  soft  soaps,  hard  glass,  and  for  the  prepara- 
OQ  of  other  potassium  salts. 

Potassium  Bicarbonate. — Potassium  bicarbonate,  KHCOi, 
>taB8ium  acid  carbonate  or  primary  potassium  carbonate  as  it 

called,  like  the  corresponding  sodium  compound,  is  much  less 
lilble  than  the  normal  carbonate  and  may  be  prepared  by 
saing  carbon  dioxide  through  a  strong  solution  of  the  carbonate. 
Potsssinm  Cyanide. — Potassium  cyanide,  KNC,  is  an  im- 
rtant  salt  which   is    manufactured   by   heating   potasaiimi 
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ferrocyanide,  K^FeCNC),,  with  potassium  carbonate  whtn  Ua 
following  reaction  takes  place, 

K^FeCNC).  +  K,CO,  -  5KNC  +  KNCO  +  CO,  +  Fi 

The  salt  KNCO  is  potaseium  cyanate  and  cannot  be  nsfl; 
aeparated  from  the  cyanide.     If  the  ferrocyanide  is  heated  alow, 

carbide  of  iron  and  nitrogen  i  irnied  besides  the  potasidiBii 

cyanide.     This  process  gives  iNC  but  wastes  cyaaoget 

By  heating  a  mixture  of  dry  pc  m  ferrocyanide  with  sodium 

a  mixture  of  potassium  and  sl  cyanides  is  obtained  vhidt 

is  as  good  for  most  purposes  as  jsium  cyanide  and  is  gold  tf 
such.     The  equation  is, 

K,Fe(NC),  +  2Na  =  C  +  2NaNC  -f  Fe 

Potassium  cyanide  is  now  maae  by  the  action  of  anunffliii 
upon  a  fused  mixture  of  potassium  carbonate  and  charcoil. 
The  reaction  is  apparently  much  like  that  for  the  preparation  rf 
sodium  cyanide  from  the  metal,  ammonia  and  charcoal;  fw 
metallic  potassium  may  be  formed  by  the  action  of  carboD  on 
the  carbonatf' . 

Potassium  cyanide  is  very  soluble  in  water  and  the  solution  if 
intensely  and  very  rapidly  poisonous.  Hydrocyanic  acid  is  i 
very  weak  aci'i,  so  solutions  of  potassium  cyanide  react  alkaliw 
owing  to  hydrolysis.  The  hydrocyanic  acid  formed  can  b* 
readily  detected  by  its  odor. 

Potassium  cyanide  is  used  in  large  quantities  in  gold  miniDg 
and  in  electroplating  with  gold  and  silver.  It  is  used  ic  the 
laboratory  wherever  a  solution  containing  the  cyanogen  ion  it 
required  and  also  as  a  reducing  agent.  When  it  acts  in  the  Istlff 
capacity,  potsasium  cyanate  KNCO  is  formed.  Wlien  healed 
with  sulfur,  the  latter  is  taken  up  forming  a  thio  compounii. 
analogous  to  the  cyanates,  known  as  potassium  thiocyanate, 
KNCS,  which  is  used  in  analytical  work.  This  salt  is  sometim* 
though  incorrectly,  called  potassium  sulphocyaoide. 

Potassium  Sulfate. — Potassium  sulfate  occurs  in  nature  !> 
schoenite  MgSO*  KiSO*  6H3O  and  several  other  Staasfurt  Baltft 
It  is  obtained  from  schoenite  by  adding  potassium  chloride  toA 
a  Uttle  water,  on  heating,  the  comparatively  difficultly  K^uble 
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bsaium  sulfate  crystallizes  out  and  magnesium  chloride  is  left 

>IutioD. 

,  is  used  in  the  preparatioa  of  potassium  carbon&te  and  of 

Q,  KAI(S04)i-12HtO  but  chiefly  as  a  fertiliser. 

nalyticol  Properties  of  Potassium. — Solutions  of  potassium 

all  have  certain  properties  in  common  which  are  expressed 
»ying  that  they  contain  potassium  as  ion. 
'otassium  compounds  impart  to  the  flame  of  the  Bunsen  burner  a 
et  coloration  which  is  easily  masked  by  a  little  sodium  unless 
flame  is  viewed  through  a  blue  glass  which  cuis  off  the  yellow 
um  light  and  allows  the  violet  of  the  potassium  to  be  seen. 

spectrum  of  potassium  consists  of  a  fairly  strong  line  toward 
extreme  red  end  of  the  spectrum,  a  much  fainter  red  line  near 
orange  and  a  weak  line  well  out  in  the  violet  end  of  the  spec- 
n.  In  between  these  lines  is  a  host  of  faint  ones  so  close 
ither  that  in  the  smaller  instruments  they  are  not  seen 
tf-ately,  but  appear  as  a  band  of  light  from  the  orange  to  the 
et  (see  Frontispiece).  None  of  the  potassium  lines  is  any- 
re  near  as  intense  as  the  sodium  line  and  hence  the  spectre- 
lie  test  for  potassium  is  far  less  delicate  than  that  for  sodium, 
otassium  in  the  ionic  condition  diSers  from  sodium  in  that  it 

combine  with  a  number  of  different  ions  to  form  compounds 
ch  are  sufficiently  difficultly  soluble  in  water  to  make  them 
iul  for  the  detection  and  determination  of  this  element, 
jurally  for  such  a  purpose  the  less  soluble  a  salt  the  more 
Tul  it  is,  since  the  delicacy  of  the  test  and  the  accuracy  of  the 
ermination  depend  directly  upon  this  property, 
'otassium  cobaltinitrite,  KjCo(NOi)i,  is  the  least  soluble 
ihe  potassium  salte,  and  is  thrown  down  as  a  yellow  precipi- 
e  when  a  solution  of  sodium  cobaltinitrite,  NaiCo(NOi)a, 

ich  contains  the  cobaltinitrite  ion  Co(NOi)f, is  added  to 

eutral  or  slightly  acid  solution  of  a  potassium  salt,  unless  the 
«r  be  very  dilute.  This  is  a  sensitive  test  for  potassium, 
'  is  not  as  characteristic  as  the  spectrum  since  anmionium, 
idium,  and  cesium  compounds  give  very  similar  precipitates 
b  the  cobaltinitrite.  But  ammonium  compounds  are  easily 
lOved  and  rubidium  and  cesium  occur  so  rarely  that  practically 
test  is  a  very  good  one  for  potassimn. 
'otuuum  cobaltinitrite  has  a  small  but  definite  solubility 
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which  is  diminished  by  the  presence  of  an  excess  of  either  potw- 
sium  or  of  cobaltinitrite  as  ion.  In  fact,  it  is  a  general  rule  that 
the  Bolubility  of  a  salt  is  diminished  by  increasing  the  concentn- 
tion  of  one  of  its  component  ions. 

Potassium  as  ion  will  also  give  rather  difficultly  soluble  prt 
cipitates  with  picric  acid,  C|Hi(NOi)»OH,  perchloric  acid, 
HCIO4,  hydrofluosilicic  acid,  "    chloroplatinic  acid,  HiPtClt 

and  tartaric  acid,  HaCjHjC  precipitates  being  potasahm 

picrate,  C.H3(NOa)iOK,  f  »  porchlorate  KClOi,  polas- 

stum    fluosihcatc,    KaSiFi,  tassium    hydrogen    tartiitt 

KHC4H40«.     The  conditions  1  affect  the  solubility  of  tkii 

latter  compound  are  so  typical  ose  of  other  compounds  thil 

they  are  worthy  of  a  careful  study 

When  a  strong  solution  of  'ic  acid  is  added  to  a  ratbs 

concentrated  solution  of  a  pv..  im  salt,  say  the  chloride  or 
nitrate,  the  solution  becomes  supersaturated  with  respect  W 
potassium  hydrogen  tartrate,  KHC*H(0».  This  supersaturatino 
may  be  so  great  that  the  solution  will  spontaneously  deposit 
crystals,  or  it  may  persist  until  the  solution  is  shaken  vigorouslj 
or  until  a  minute  crystal  of  the  salt  is  added.  Of  course  aflcr 
crystallization  has  once  started  it  will  continue  until  the  solution 
becomes  exactly  saturated  with  the  salt.  After  this  point  has 
been  renrhed  the  addition  of  various  reagents  will  produce  inter- 
esting chfinges  in  the  solubihty  of  the  substance.  For  examplr, 
the  addition  of  a  few  drops  of  sodium  hydroxide  solution  will 
cause  a  marked  increase  in  the  quantity  of  precipitate  showing 
that  the  solubility  of  the  potassium  hydrogen  tartrate  has  been 
decreased,  but  the  addition  of  an  excess  of  sodium  hydroxide 
will  cause  the  entire  precipitate  to  disappear  showing  that  P 
excess  of  this  reagent  increases  the  solubility  of  the  potasflium 
salt. 

Further,  the  addition  of  either  sodium  acetate  or  of  a  veij 
soluble  potassium  salt  will  decrease  the  solubility  of  the  hydrogen 
tartrate,  and  cause  a  marked  increase  in  the  quantity  of  precip- 
tate  formed  in  the  solution  described  above. 

The  addition  of  a  very  moderate  amount  of  one  of  the  strong 
acids  such  as  hydrochloric,  nitric,  or  sulfuric  to  a  solution  e<n- 
taining  a  precipitate  of  potassium  hydrogen  tartrate  will  inciuM 
the  solubility  of  the  latter  and  cause  the  precipitate  to  diaappeH- 
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cetic  acid  on  the  other  hand  has  but  little  efifect.     Tartaric  acid 

a  weak  acid  and  this  behavior  of  its  potassium  salt  is  typical 

all  difficultly  soluble  salts  of  weak  acids,  so  that  a  general 

may  be  put  forward  which  says:     The  diffictdUy  solvble 

^€Mlt8  of  weak  adds  dissolve  upon  the  addition  of  stronger  acids. 

*JL'tie  converse  of  this  is  not  true,  the  difficultly  soluble  salts  of 

Btrong  acids  are  not  dissolved  by  weak  acids  nor  are  they^ 

aa  a  rule,  dissolved  by  strong  acids. 

Various  more  or  less  satisfactory  explanations  for  these  phe- 
l^omena  may  be  given,  but  the  most  useful  and  instructive  is  that 
offered  by  a  combination  of  the  theory  of  electrolytic  dissocia- 
tion with  the  law  of  mass  action.  According  to  the  theory,  an 
Electrolyte  in  solution  is  partially  broken  up  into  ions  as  shown 
fcelow  for  acetic  acid, 

HC,H,0,  ^H+  +  CHsOa- 

Ci  Ci  c» 

This  is  to  be  regarded  as  a  reversible  reaction  and  so  subject  to 
the  law  of  mass  action.  Hence  if  Ci  represents  the  concentration 
cfthe  undissociated  acetic  acid  and  C2  and  Cs  that  of  the  hydrogen 
sad  acetate  ions  respectively,  equilibrium  will  result  when, 

Ci 

If  this  be  tested  by  experiment,  the  various  concentrations  being 
calculated  from  the  electrical  conductivity  of  the  solution,  the 
'Bsult  will  be  found  to  agree  closely  with  the  theory  as  expressed 
iii  the  mathematical  relation  just  given.  This  is  true  not  only 
for  acetic  acid  but  also  for  sdl  other  weak  acids  and  for  weak 
bases.  It  is  true  too,  for  dilute  solutions  of  the  more  highly 
disKMsiated  substances,  the  strong  acids  and  bases  and  the  s&lts, 
(Hit  apparently  does  not  hold  for  the  more  concentrated  solu- 
Uom  of  these  substances.  This  may  be  due  to  the  conductivit}" 
being  an  imperfect  measure  of  the  concentration  of  the  ions  in 
iBuch  solutions,  or  to  some  other  influence  being  superimposed 
Upon  those  which  are  measured.  Fairly  satisfactory  explana- 
tions of  these  deviations  can  be  given,  but  are  not  of  interest  at 
this  point  because  these  deviations  from  the  simple  theory  and 
law  given  above  are  not  8\2cb  ^  would  alter  any  conclusion  which 
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we  might  reach  as  to  tlie  kind  of  change  which  would  foUow  tit 
addition  of  any  given  reagent,  but  would  simply  affect  the  eaicu- 
lation  as  to  the  extent  of  such  change.  For  qualitative  purposes, 
then,  the  theory  of  electrolytic  dissociation  and  the  law  of 
mass  action  nmy  be  combined  and  treated  as  though  they  exartij 
describe  the  act  ions  of  the  substances.  With  this  as  prelimiDar;, 
the  diBcusaion  of  the  action  of  the  various  reagents  upon  potu- 
sium  hydrogen  tartrate  as  precipitated  from  Eolutions  of  potufr 
siuni  nitrate  by  solution  of  tartaric  acid  may  be  taken  up  in 
detail.  The  equation  for  the  main  reaction  and  equilibrium  is  u 
follows: 

K*-  +  NOr+  H+  +  HC,H40r?^KHC.H*0,+ir'+N0.-(D 
Ci  Cj  ■  c» 

The  eqilibrium  here  is  between  the  potassium  ion,  the  hydrogen 
tartrate  ion,  and  the  undissociated  potassium  hydrogen  tartrate. 
The  concentration  of  these  substances  being  represented  respec- 
tively by  C],  C),  and  Cj,  the  mass  law  equation  becomes. 

It  cannot  be  too  strongly  emphasized  that  c,  represents  the 
concentration  of  that  portion  of  the  potassium  hydrogen  tarbrabe 
which,  while  undissociated,  ia  actually  present  in  the  solution  in 
the  dissolved  state.  It  does  not  in  any  way  represent  that 
which  is  pre&L'Tit  as  a  precipitate.  The  only  connection  between 
Cj  and  the  precipitate  is  found  in  this,  that  when  the  solutionis 
in  equilibrium  with  some  of  the  precipitate,  i.e.,  is  saturated,  the 
equilibrium  will  be  between  the  undissociated  KHCiH,04  in 
solution  and  that  in  the  precipitate;  and  in  this  case,  as  in  all 
others  where  there  is  equilibrium  between  the  same  substance 
in  two  phases,  the  equihbrium  is  determined  by  the  ratio  of  the 
concentration  of  the  substance  in  the  two  phases  and  not  by  the 
absolute  amount  of  either  phase.  Therefore,  since  the  concen- 
tration of  the  KHC4H,0t  is  fixed  and  constant  in  the  s(^d  phase, 
Ct,  that  of  this  substance  in  solution  must  be  fixed  and  constant 
also.  From  which  it  would  follow  that  the  product  of  Ci  times 
Cj  would  be  constant  for  this  saturated  solution,  and  this  point 
should  be  appreciated  and  kept  thoroughly  in  mind. 
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In  addition  to  equilibrium  I,  given  above,  there  are  two  others 
liich  are  of  importance  in  thia  connection. 

H*-  +  HC^H.O.-FiH.CH.O.  (H) 


H+  +  C4H4O,-  -^aHCiH^Or  (HI) 


Ct 


Tow  it  must  be  remembered  that  all  three  of  these  equilibria  are 
resent  at  the  same  time  in  a  solution  which  contains  potassium 
dtrate  and  tartaric  acid,  and  that  anything  which  altera  one 
tlunges  each  of  the  others. 

The  addition  of  a  few  dropa  of  sodium  hydroxide  to  the  solu- 
^DQ  will  affect  first  equation  II  by  decreasing  C4,  the  concentra- 
aon  of  the  hydr<^en  ion,  through  the  formation  of  water,  but  a 
^lecrease  in  c*  will  be  followed  by  a  decrease  in  ct  and  this  will 
%ult  in  an  increase  in  ci-  But  cj  comes  in  the  equilibrium  I 
*d  its  increase  at  once  produces  an  increase  in  Cj.  However, 
^  solution  was  saturated  with  potassium  hydrogen  tartrate 
Ad  hence  the  increase  in  cj  makes  it  supersaturated  and  re- 
Ults  in  the  increase  in  the  precipitate  mentioned  in  the  list  of 
kcts  which  were  to  be  explained. 

The  action  of  sodium  acetate  can  now  be  easily  understood 
ioce  it  acts  like  the  hydroxide  to  decrease  the  concentration  of 
he  hydr<%en  as  ion. 

An  excess  of  sodium  hydroxide,  it  will  be  recalled,  redissolved 
he  precipitate  of  potassium  hydrogen  tartrate;  the  explanation 
or  this  apparently  contradictory  behavior  is  as  follows:  As  the 
lydroxide  is  added,  water  is  formed  decreasing  c,  and  causing  the 
indisBOciated  tartaric  acid  to  break  up  as  shown  in  II  until  all  the 
artaric  acid  is  transformed  then  the  fiu1.her  addition  of  hydrox- 
de  will  result  in  the  breaking  up  of  the  hydrotartrate  HCiHiOi' 
8  shown  in  equation  III;  so  by  decreasing  c«  through  the  addi- 
ion  of  NaOH,  e%  will  be  first  increased  and  then  decreased.     But 
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sauce  Cj  is  odi-  of  the  fftctore  in  equatioo  I.  s  decnue  b  d 
ftffect  I,  and  will  have  to  be  foilowed  by  a  decmae  in  c». 

ci  is  decrea0e<l,  th<^  Hotiition  will  become  unauorktcd  tad 
of  the  precipilik'cd  eubetance  will  ban  to  go  into  aolntJOO 
it  may  be  eaaily  neea  why  the  solubility  of  potaaer 
tartrate  is  in<Ti-iuK.-iJ  by  the  addition  of  an  execs  of 
hydroxide. 

The  increa>i<?  in  solubility  of  I  CtH,0«  upon  the  adc 
strong  acids  ran  be  easily  explaini  I  by  coosidenng  the  eS«ct 
the  increase  iti  the  coDcentration  ot  the  hydrogen  ion,  Ci.  upon  II- 
If  Ctisincreaftt'l,  to  keep  the  fraction  Ci/ciCi  constant,  ci  will  bin 
to  increase  wliirii  can  only  happen  at  the  expense  of  ci,  so  C)  «9i 
decrease.  But  in  I  a  decrease  in  ci,  as  we  have  seen,  is  folloni 
by  a  decrease  in  Oi  and  this  in  turn  by  the  solution  of  the 
tate.  The  failure  of  acetic  acid  to  rediaeolve  the  preci] 
can  be  understood,  because  acetic  acid  is  so  weak  that  it  i 
not  materially  increase  c,  and  therfore  does  not  decrease  n 
Ci,  and  hence  leaves  the  solubility  practically  unaltered. 

While  potassium  hydrogen  tartrate  is  a  fairly  important  sub- 
stance, great  quantities  of  it  being  used  in  the  more  expensin 
baking  powders  for  example,  it  is  not  important  enough  to  juitifj 
the  time  expended  upon  this  discussion  were  it  not  for  the  fact 
that  it  is  typical  of  most  other  substances,  and  that  a  tboroi^ 
understanding  of  what  is  going  on  here  will  enable  the  student  Ui 
deal  easily  with  all  other  cases. 

Under  sodium  chloride  it  wa£  mentioned  that  this  salt  irould 
be  precipitated  from  its  saturated  solution  by  the  addition  li 
hydrogen  chloride. 

This  may  be  understood  by  considering  the  following  eqiuii- 
brium : 

Na+  +  CI-  3=t  Naa 

Ci  C]  C| 

-^  =  K 

CiCi  I 

If  now  hydrogen  chloride  be  passed  into  the  solution,  ci  will  be  > 
increased,  and  this  will  of  necessity  be  followed  by  an  increase  in 
Cj,  and  a  decrease  in  Ci  to  correspond;  but  an  increase  in  ci  makes 
the  solution  supersaturated,  and  brings  about  the  precipitation  of 
the  salt.     A  strong  solution  of  hydrochloric  acid  may  be  used  , 
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tead  of  the  gaseous  hydrogen  chloride  with  Bimilar  results. 
lassiuiQ  chloride  will  be  precipitated  in  the  same  way  and  for 
9  same  reason  by  passing  hydrogen  chloride  into  ita  solution. 
(^  was  mentioned  in  the  preliminary  to  this  discussion,  page  305, 
a  simple  form  of  mass  law  treatment  does  not  take  into  accouat 
the  factors  and  hence  does  not  quantitatively  describe  the 
mplex  phenomena  present  in  these  cases,  but  it  does  fit  them 
d  others  qualitatively. 

RUBIDIUU   AND    CbBIDH 

The  methods  of  spectroscopic  analysis  were  developed  by 
onsen  and  Kirchoff  about  1359  to  1860  and  were  immediately 
dlized  by  them  in  a  search  for  new  elements.  In  this  they 
ere  successful  for  in  1860  they  announced  the  discovery  of  a 
iw  alkali  metal  whose  spectrum  was  characterized  by  two 
igbt  blue  lines  and  hence  was  named  Cesium,  Cs,  from  csaius, 
«  Latin  word  for  the  blue  of  the  clear  sky.  Again,  in  1861,  they 
^covered  another  alkah  metal  whose  spectrum  consisted  of  two 
ry  strong  hues  in  the  violet  and  a  number  of  others  in  the  red, 
Uow  and  green  portion  of  the  spectrum.  Two  of  the  red  lines 
9  deeper  red  than  the  potassium  lines,  and  hence  the  element 
ks  called  Rubidium,  Rb,  from  rubidius  the  Latin  word  for  the 
rkest  red  color. 

Rubidium  and  cesium  are  always  found  in  connection  with 
tiiimi,  sodium,  and  potassium.  They  are  bo  like  one  another 
d  80  very  much  like  potassium  that  it  is  a  difficult  matter  to 
parate  them  not  only  from  each  other  but  also  from  potassium. 
Metallic  rubidium  and  cesium  may  be  obtained  by  heating 
eir  corresponding  hydroxide  with  powdered  magnesium. 
Rubidium  is  a  brilliant  silver  white  metal  which  melts  at  38.5° 
d  boils  at  696°.  It  has  a  density  of  1.52  and  acts  upon  water 
en  more  vigorously  than  potassium.  The  hydroxide  so  formed, 
}0H,  is  at  least  as  strong  as  that  of  potassium.  The  atomic 
iight  of  rubidium  is  85.45. 

Metallic  cesium  has  a  silver  white  color,  melts  at  26.5°  and 
ilg  at  670°.  Its  density  is  2.4.  It  is  even  more  active  chemic- 
y  than  rubidium.  Cesium  hydroxide,  CsOH,  is  a  very  strong 
se,  and  its  salts  are  isomorphous  with  those  of  potassium  >uifl 
bidium.    Tlie  atomir  '  cesium  is  132.81. 
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Potassium,  rubidium  and  cesium  form  a  triplet  of  very  doi 
related  elements.  The  difference  between  the  atomic  «i 
of  potassium,  39.1  and  that  of  rubidium  85.45  is  46.33  vhid 
just  about  that  between  rubidium  and  cesium  which  is  41. 
The  aamc  sort  of  relation  exists  between  the  triplet  formed 
chlorine,  bromine,  and  iodine  and  here,  too,  the  differeoH 
atomic  weight  is  about  the  same,  being  roughly  45.  In  &  g 
many  ways  the  properties  of  these  three  elements  vary  b 
regular  manner  with  the  atomic  weight  as  may  be  seen  from 
following  table. 

As  the  atomic  weight  of  the  metal  increases. 

The  chemical  activity  of  the  metal  increases. 

The  solubility  of  the  hydrotartrate  increases. 

The  solubility  of  the  sulfate  increases. 

The  solubility  of  the  chloride  increases. 

The  Bolubility  of  the  chlorplatinate  decreases. 

The  solubility  of  the  alum  decreases. 

The  boiling  and  melting  points  of  the  metals  decrease. 

AUUONIUM 

In  the  discussion  of  ammonia,  NHt,  it  was  pointed  out 
this  substance  would  combine  directly  with  acids  fon 
ammonium  salts.  For  example,  ammonium  chloride,  NI 
is  formed  by  the  union  of  ammonia  and  hydrogen  chic 

NHi  +  HCl  =  NH,C1 

Ammonium  chloride  when  dissolved  acta  as  though  it 
dissociated  into  chlorine  as  ion  and  the  complex  cation  ^ 
called  the  ammonium  ion.  This  ion  forms  a  long  list  of  salt 
is  so  very  similar  to  potassium  in  its  properties  that  it  woo 
entirely  out  of  place  not  to  discuss  it  here  in  connection  witl 
element.  Moat  of  the  ammonium  salts  are  isomorphous 
the  corresponding  compounds  of  potassium,  and  the  anmu 
ion  gives  difficultly  soluble  compounds  with  the  same  rea 
that  the  potassium  ion  does.  So  it  is  a  rather  easy  mat' 
mistake  the  ammonium  ion  for  the  potassium. 

The  sources  and  methods  of  preparation  of  some  of  Un 
monium  compounds  have  already  been  mentioned  in  cc 
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I   with  the   discussion  of  the  compounds  of  nitrogen,   pp. 

-194 

Linmomum    Hydroxide.— Ammonium    hydroxide  ia  formed 

in  ammonia  dissolves  in  water,  and  may  be  obtained  at  low 

iperatures   aa   a  solid  which  melts  at    —79°.     Its  solution 

ws  comparatively  weak  basic  properties  indicating  a  small 

icentration  of  hydroxyl. 

Lmmomum  Chloride. — Ammonium  chloride  or  sal  ammoniac, 

IiCI,  is  one  of  the  more  important  of  the  ammonium  salts. 

.a  easily  soluble  in  water,  and  crystallizes  in  cubes  or  octahedra. 

solutions  are  slightly  acid  due  to  hydrolj-sis.  When  heated 
about  350°,  it  decomposes  into  ammonia  and  hydrogen  chloride 
licb  pass  off  as  gases,  and  recombine  when  they  reach  a  cooler 
ice,  forming  ammonium  chloride,  hence  ammonium  chloride 
rolatile.  Moat  other  ammonium  salts  undergo  similar  decom- 
iition  when  heated  giving  ammonia  and  the  acid.  It  is  used 
making  dry  cells  and  some  other  kinds  of  electrical  batteries, 
a  reagent  in  the  laboratory,  in  soldering  and  in  medicine, 
me  idea  of  the  extent  of  the  use  of  ammonium  chloride  in 
.1«ries  may  be  gathered  from  the  fact  that  50,000,000  dry  cells 

made  in  this  country  every  year. 

Immonium  Nitrate. — Ammonium  nitrate,  NH<NOi,  is  a  white 
stalhne  salt.  At  temperatures  somewhat  higher  than  its 
Iting-point,  160°,  ammonium  nitrate  decomposes  into  nitrous 
de  and  water; 

II.  NH,NO,  =  N,0  +  2H*0 

r-tbis  respect,  it  differs  from  most  of  the  other  ammonium 
a  since  it  does  not  yield  ammonia  and  the  acid.  The  differ- 
e  is  presumably  due  to  the  oxidizing  action  of  the  nitric  acid 
ammonia.  The  nitrous  oxide  is  a  powerful  oxidizing  agent; 
this  reason  the  nitrate  is  used  in  some  explosives,  in  fact  under 
eptional  conditions  it  is  explosive  without  any  admixture, 
jmnonium  Sulfate. — Ammonium  sulfate,  (NH()iSOj,  is  in 
le  ways  the  most  important  of  the  ammonium  salts.  It  is 
ained  in  the  recovery  of  ammonia  in  the  gas  works,  and  is  the 
■ting-point  for  the  preparation  of  most  of  the  amtnoniitm 
ipounds.     It  is  ex  y  used  for  this  purpose,  b 
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as  a  nitrogen  fertilizer,  something  like  500,000  tons  of  it  bein; 
used  for  agricultural  purposes  each  year. 

It  is  a  white  crystalline  salt  isomorphous  with  potasaium 
sulfate. 

The  Sulfides  of  Ammonia. — Ammonium  hydrosulfide,  NHiHS. 
is  formed  when  equal  volumes  of  ammonia  and  hydrogeD  sulfide 
are  brought  together.     It  is  .lline  substance  which  readilj 

decomposes  into  its  constituei 

The  salt  is  easily  soluble  in  er  and  gives  the  ammoDiani 
and  hydrosulfide  ions. 

Two  volumes  of  ammonia  and  i  of  hydrogen  sulfide  unit*  to 
form  ammonium  BulGde,  ^E  This  is  much  less  stable  thai 

the  acid  salt  and  passes  quic<  ^o  the  latter  with  the  loss  of 

ammonia.     When    dissolved  ter,  it  is  largely  hydroljt^ 

giving  anmionium  hydroxide  at       le  hydrosulfide  ion,  Hff". 

Solutions  of  these  aalta  may  be  made  by  passing  hydrogea 
sulfide  into  ammonium  hydroxide  solution.  They  are  usedw 
reagents  to  furnish  the  sulfide  ion  S~  ~  and  hydrosulfide  BS" 
which  are  necessary  for  the  precipitation  of  such  sulfides « 
required  a  higher  concentration  of  sulfur  as  ion  thau  is  furDisbed 
by  hydrogen  sulfide,  the  sulfides  of  manganese  and  zinc  fof 
example. 

A  solution  of  ammonium  sulfide  will  dissolve  sulfur,  and 
thereby  acquires  a  yellow  color  and  is  then  known  as  yello* 
ammonium  sulfide.  It  contains  polysulfidea  and  is  used  M » 
reagent. 

Ammonium  Carbonate.— When  an  excess  of  carbon  dioxide  ia 
passed    into   a  solution   of  ammonium   hydroxide, 
bicarbonate,  NH*HCOj,  is  formed. 

NH«OH  +  CO,  =  NH,HCO, 

This  is  a  fairly  stable  white  crystalline  salt  which  ia  soluble  i" 
water.  The  solid  has  a  slight  odor  of  ammonia  and  tends  W 
decompose  into  ammonia,  water  and  carbon  dioxide.  Tbi* 
reaction  is  quite  rapid  at  moderately  elevated  tHmperatures  iS^ 
is  employed  by  bakers  who  use  the  bicarbonate  as  a  leavening 
agent  much  as  the  housewife  does  baking  powder.  For  this 
purpose,  the  bicarbonate  has  the  distinct  advantage  over  the 
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^ng  powder  that  it  leaves  practically  no  foreign  substance  in 
lefood. 

An  exceaa  of  ammonium  hydroxide  will  convert  the  bicarbonate 
ito  the  carbonate,  (NH4)tC0i,  but  this  is  very  unstable  and  soon 
scomposes. 

Commercial  ammonium  carbonate  is  made  by  subliming  a 
ixture  of  the  sulfate  and  powdered  calcium  carbonate.  It  is  a 
ixture  of  the  bicarbonate  and  carbamate,  NH4CO1NH1.  The 
tter  is  formed  when  ammonia  combines  with  carbon  dioxide. 
Ammonium  Oxalate. — Ammonium  oxalate,  (NHt)iCtO«'2HiO 
made  by  neutralizing  oxalic  acid  with  ammonium  hydroxide. 

is  a  white  crystalline  salt  soluble  in  water  and  much  used  aa  a 

agent. 

Ammonium  Thiocyaiute. — Ammonium  thiocyanate,  NHtNCS, 

very  easily  soluble  in  water  and  is  exceedingly  poisonous. 

is  much  used  as  a  reagent. 

Analytical  Reactions  of  Ammonium. — The  anunonium  ion 
inns  difficultly  soluble  compounds  with  the  cobaltinitrite,  chloro- 
latinate,  and  hydrotartrate  ions.  These  compounds  cannot  be 
istbguisbed  by  the  eye  from  the  corresponding  potassium 
smpounds.  Ammonium  compounds,  however,  do  not  give  a 
une  test  or  spectrum  when  introduced  in  the  Bunsen  flame. 

A  very  sensitive  and  characteristic  test  for  ammonium  com- 
ounds  is  based  upon  the  fact  that  when  a  soluble  base  like 
>dium  hydroxide  is  added  to  an  ammonium  salt,  undiiwociatcd 
nmonium  hydroxide  is  formed  owing  to  the  weakly  basic 
■aracter  of  this  substance.  As  soon  as  the  ammonium  liydrox- 
e  is  formed  it  breaks  down  into  water  and  ammonia.  'J'he 
tter  may  be  easily  detected  by  it«  odor  or  by  its  action  on 
oistened  red  litmus  which  is  turned  blue  wtwn  held  in  the 
ipors  over  the  solution.  The  equations  for  rrnvtivmn  in  the 
lution  are  as  follows. 

NH«+  +  CI-  +  Na+  +  OH-jitNHiOIf  t-  Na'    1-  CI  , 
NH,OH?^N».  +  If/> 
le  ammonia  then  vaporis<;»  and  diiwolvifM  in  l)i<t  wnUir  on  tlto 
mus  where  the  following  nttuAunm  iukf.  \}\if*; 

NH, +  H/>i=tMi«0Hi'.NI(4'   (  OM 
d  it  is  this  hydroxyl  wb"' '   '■•-•(«  tJwi  lJl;niiM  SMu-. 
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Of  couTBe  potassium  compounds  can  do  nothing  like  this  soil 
is  very  easy  in  this  way  to  distinguish  between  the  two  sets  a 
compounds. 

Ammonium  Amalgam.— The  great  similarity  between  tiu 
ammonium  ion  iinit  the  potassium  ion  suggests  that  if  free  am- 
monium, NH«,t^ould  be  obtained  it  would  be  metallic  in  characla 
Attempts  to  prepare  free  amm*'"' —  have  so  far  been  unsuccfss- 
ful,  but  an  amalgam  of  this  su  le  and  mercury  can  be  made 

either  by  electrolyzing  most  ar  nium  salts  (the  nitrate  "iH 
not  do),  using  a  mercury  cath  ir  by  the  action  of  sodium 

amalgam  on  an  ammonium  sa  tion. 

Below  —85°  the  amalgam  is  ird  stable  substance,  but  at 
ordiuary  temperatures  it  is  very  sf  ngy  and  consists  largely  of  a 
mass  of  bubbles  due  to  the  decoi  osition  of  the  dissolved  am- 
monium into  hydrogen  and  ami.  nia.  That  ammonium  liu 
metallic  characteristics  is  shown  by  the  fact  that  it  dissolves  in 
mercury  which  will  not  dissolve  anything  else  that  is  not  a  metsl. 

Lithium 

The  element  lithium  is  very  widely  distributed  and  is  obtabed 
from  petalitc,  LiAI{SiiOi)t,  and  lepidolite  or  lithium  mica.  The 
metal  is  prepared  by  the  electrolysis  of  the  fused  chloride,  i 
is  a  solid  with  a  silver  white  luster,  melts  at  186°  and  boils  abovi 
1400°.  Its  density  is  0.594  so  that  it  floats  on  the  petroleum  used 
for  its  preservation, 

The  atomic  weight  of  hthium  is  6.94  making  it  the  third 
element  in  the  order  of  atomic  weights.  It  is  active  chemically 
but  less  BO  than  the  other  members  of  the  alkali  group.  It  leacta  ' 
rapidly  with  water  but  the  metal  does  not  melt  and  the  hydrogen 
is  not  inflamed.  It  burns  when  heated  in  air,  hydrogen,  chlorine, 
bromine,  iodine,  sulfur,  or  nitrogen.  This  last  property  is  inter- 
esting and  somewhat  important  because  there  are  not  many 
things  which  will  combine  so  readily  with  nitrogen.  Lithium 
nitride,  Li>N,  is  formed. 

Perhaps  the  most  significant  properties  of  lithium  are  that  its 
phosphate,  LijPOi,  and  its  carbonate,  LijCO»,  are  rather  diffi- 
cultly soluble  in  water,  and  that  the  bicarbonate  LiHCOi  is  more 
soluble  than  the  carbonate.     With  every  other  alkali  metal,  tha 
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l>icarbonate  is  less  soluble  than  the  carbonate  and  the  phosphate 
is  easily  soluble.  The  phosphates  and  carbonates  of  the  members 
of  the  next  group  in  the  periodic  system  are  difficultly  soluble 
and  the  bicarbonates  are  more  soluble  than  the  corresponding 
carbonates.  This  shows  that  lithium  has  properties  that  make 
it  a  sort  of  connecting  link  or  transition  element  between  the 
two  groups.  That  it  really  belongs  to  the  alkali  metals  and  not 
with  the  Group  II  is  shown  by  the  fact  that  it  is  monovalent  while 
the  members  of  Group  II  are  divalent. 

Beryllium,  the  first  member  of  Group  11,  is  like  lithium  in  that 
it  has  properties  which  connect  it  with  both  Groups  II  and  III. 
In  many  ways  it  would  have  been  more  logical  to  have  opened 
the  discussion  of  the  metals  with  that  of  lithium,  but  its  post- 
ponement until  this  point  just  before  taking  up  Group  II  is 
justified  by  the  properties  mentioned  above. 

Lithium  Carbonate. — Lithiiun  carbonate  LisCOg  is  commer- 
cially the  most  important  lithiiun  salt.  It  is  used  in  medicine 
and  for  the  preparation  of  lithiiun  salts. 

Lithium  Chknide. — Lithium  chloride  is  used  in  making  artificial 
mineral  waters  and  for  making  red  fire  and  other  fireworks. 

Analytical  Properties  of  LidiiiiiiL — ^Lithium  is  very  eainly  de- 
tected by  the  fact  that  it  imparts  a  bri^^t  red  color  to  the  Bunsen 
flame  and  that  its  spectrum  contains  a  very  strong  rerl  Vitm 
which  is  visible  even  when  the  lithium  is  present  in  inwAtrAitt^^y 
small  quantities. 


CHAPTER  XXII 


General. — The  first  r  mp  II  in  the  periodic  syfitein 

is  beryllium.     As  mentim  ;hium,  berj-Uium  has  proper- 

tiea  which  connect  it  bol  p  II  and  with  Group  III  and 

therefore  its  dificussion  i  ned  until  a  later  point-    The 

other  membere  of  the  groiij,  urally  into  two  well-marked 

BUb-groupBj  the  one  called  the  alkaline  earth  metals  and  com- 
prising the  common  metals,  calcium,  strontium,  and  barium,  aaii 
the  very  rare  flement  radium;  and  the  other  sub-group  cslled 
the  magnesium  family  containing  beryllium,  magnesium,  lioc. 
cadmium,  and  mercury.  All  the  members  of  the  group  w 
divalent,  but  mercury  also  forms  a  aeries  of  compounds  in  vhich 
it  is  monovalent. 

Calcium,  strontium,  and  barium  form  a  triplet  of  very  closely 
related  elements,  and  for  a  long  time  have  been  grouped  together 
under  the  name  of  the  alkaline  earth  metals.  The  discussoo 
of  the  group  will  be  opened  with  that  of  these  metals  since  tiiel' 
are  in  many  ways  more  closely  connected  with  the  alkali  nietall 
than  are  the  members  of  the  magnesium  sub-group. 

The  Alkaline  Earth  M&talb 
Calcium 

The  compounds  of  calcium  have  been  known  and  used  from  the 
very  earliest  times,  but  the  element  itself  was  first  prepared, 
although  in  an  impure  state,  by  Davy  in  1808. 

Occurrence. — Calcium  compounds  are  very  abundant  and  tK 

widely  distributed  over  the  earth's  surface  in  the  form  of  silicatWi 

carbonates  (limestone),  sulfates,  fluoride,  phosphates,  borates, 
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The  element  is  present  in  the  bud  and  certain  of  the  fixed 
rs  aa  shown  by  their  spectra. 

!?ompounds  of  calcium  are  indispensable  for  the  growth  and 
of  plants  and  animals.  The  bones  and  teeth  of  animals  are 
3p08ed  lar^ly  of  catcimn  phosphate  but  contain  some  car- 
late  and  fluoride  in  addition. 

^qtaration  of  the  Element. — Calcium  is  prepared  on  a 
'ly  large  scale  by  the  electrolysis  of  the  fused  chloride,  the 
)d^  consisting  of  carbon  and  the  cathode  of  an  iron  rod. 
e  calcium,  aa  it  is  liberated,  clings  to  the  end  of  the  rod  and 
■■  latter  is  gradually  withdrawn  from  the  fused  salt,  causing 
■■  calcium  to  build  up  an  irregular  cylinder  of  the  metal.  It  is 
ential  that  the  temperature  of  the  fused  calcium  chloride  be 
it  as  low  as  possible;  for  this  purpose,  calcium  fluoride  is 
uetimes  added  to  the  bath,  since  it  dissolves  and  lowers  the 
Iting-point  of  the  chloride. 

Properties. — Calcium  is  a  silver  white  crystalline  metd  which 
Its  at  800°  and  volatilizes  below  its  melting-point  in  a  vacuum, 
has  a  density  of  1.55  and  is  malleable,  although  somewhat 
;der  than  lead.  It  tarnishes  rapidly  in  moist  air  at  ordinary 
aperatures,  but  may  be  turned  and  polished  in  the  air  if  kept 

Calcium  decomposes  water,  forming  hydrogen  and  calcium 
Iroxide,  Ca(OH)j.  It  acts  v^orously  on  acids.  When  heated 
:he  air,  it  burns  brilliantly  and  also  combines  rapidly  at  higher 
iperatures  with  nitrogen,  chlorine,  hydrogen,  sulfur,  silicon, 
t  phosphorus.  With  nitrt^n,  calcium  nitride,  CaiN),  is 
med.  When  calcium  is  heated  in  a  closed  vessel,  both  the 
rgen  and  nitrc^en  are  removed  and  a  very  high  vacuum 
lilts. 

The  atomic  weight  of  calcium  is  40.07. 
Calcium  Hydride. — Calcium  combines  directly  with  hydrogen 
form  calcium  hydride,  CaHt,  a  white  crystalline  substance 
ich  reacts  with  water,  forming  the  hydroxide  and  hydrogen. 
lalcium  Oxide. — Calcium  oxide,  or  lime,  is  a  very  important 
stance  as  everyone  knows.  It  does  not  occur  in  nature,  but 
eadily  prepared  by  heating  marble  or  limestone  to  a  high 
iperature  when  the  following  reaction  takes  place, 
CaCOi  ^  CaO  +  COj 
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This  reactioQ  is  reversible  and  the  conditions  governing  it 
will  be  considered  in  detail  under  calcium  carbonate. 

This  process  is  carried  out  in  furnaces  called  lime  kilns.  The 
more  modern  types  of  these  kilns,  Fig.  66,  consist  of  a  tall  shaft 
of  brick  work  with  the  interior  somewhat  egg-shaped  in  crow 
section,  with  two  or  more  fire  boxes 
I  ■  '  ■  the  sides  and  opening  into 
t  a  short  distance  from  the 

btji  The  flame  and  hot  gases 

fr  uel  are  drawn  into  the  shaft 

anc  the   limestone   above  iti 

temi  je  of  decomposition,  while 

tbp  awn  in  by  the  draft  of  the 

8  tpa  away  the  carbon  dioxide 

ai  vera  the  temperature  necw- 

sary  tor  the  decomposition.  The 
operation  is  continuous,  the  limestone 
being  fed  in  at  the  top  as  fast  as  the 
lime  is  removed  at  the  bottom.  Thie 
country  produces  nearly  four  million 
tons  of  lime  per  year. 

Calcium  oxide  is  a  white  substvice 

having  a  density  of  3.3.      It  shows 

■„,^„  some  signs  of  melting  when  heated  in 

f  ijO    1  the  oxyhydrogen  blowpipe  and  under 

t-J — \J  such   conditions  gives  s  very  bri^t 

light  which  is  known  as  the  caldum 

or  lime  light. 

The  melting-point  of  lime  is  about  1900"  and  it  not  only  mdte 
easily  at  the  temperature  of  the  electric  furnace,  but  even  bfflfe. 
When  the  vapors  of  the  oxide  condense,  crystals  of  calcium  oxide 
are  formed.  Calcium  oxide  is  not  reduced  by  sodium  or  by 
carbon  except  at  temperatures  of  the  electric  furnace.  The 
calcium  obtained  by  the  reduction  with  carbon  unites  with 
more  carbon  to  form  the  carbide,  CaCj. 

Lime  has  a  great  tendency  to  combine  with  water  forming  the 
hydroxide,  Ca(OH)i.  Because  of  this,  it  is  used  in  drying  am- 
monia and  certain  other  gases  and  in  dehydrating  alcohol.    Its 
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i8t  important  use,  however,  is  in  the  preparation  of  mortar  and 

ment. 

Calcimn    Hydroxide. — Calcium    hydroxide    or    slaked   lime, 

i(OH)i,  is  made  by  the  action  of  water  on  calcium  oxide  or 

licklime  as  it  is  sometimes  called.    The  equation  is, 

CaO  +  H,0  =  Ca(OH), 

The  action  is  slow  in  starting  but  evolves  considerable  heat, 
I  that  after  the  reaction  has  once  begun  the  temperature  rises 
ad  it  then  goes  on  rapidly.  When  large  quantities  of  lime 
ake  in  contact  with  wood,  the  temperature  often  rises 
ij^  enough  to  set  fire  to  the  wood.  In  this  way  buildings 
mtaining  lime  in  storage  are  sometimes  set  on  fire  by  water 
'  times  of  floods. 

Calcium  hydroxide  is  a  white  powder  whose  density  is  2.08 
Id  which  therefore  occupies  a  larger  volume  than  the  lime  from 
liich  it  was  formed.    It  is  slightly  soluble  in  water,  600  parts 

the  latter  being  required  for  one  of  the  hydroxide  at  ordinary 
tnperatures,  and  about  twice  as  much  water  at  the  boiling- 
tint  unce  the  solubility  of  the  hydroxide  decreases  with  rising 
raperature.  The  solution  is  decidedly  alkaline  in  character 
xause  calcium  hydroxide  is  a  strong  base,  although  not  as  strong 
I  sodium  hydroxide.  The  solution  of  the  hydroxide  is  called 
ne  water  and  is  used  in  medicine  and  as  a  reagent  for  the 
stection  of  carbon  dioxide. 

Because  of  its  cheapness,  calcium  hydroxide  is  largely  used 

herever  a  base  is  desired,  unless  the  properties  of  the  calcium 
>n  interfere.  If  the  presence  of  much  water  is  objectionable,  a 
lUpension  of  the  hydroxide  in  water  called  milk  of  lime  is  used. 
'tiat  part  which  is  actually  in  solution  reacts  first  and  then  more 
iiasolves  so  that  ultimately  it  may  all  be  used. 

Slaked  lime  is  used  in  the  manufacture  of  sodium  and  potas- 
iiim  hydroxides,  ammonia,  bleaching  powder,  mortar,  the 
^tening  of  water,  the  purification  of  illuminating  gas,  the 
Qttoval  of  hair  from  hides,  and  for  many  other  purposes. 

Air-slaked  lime  is  lime  which  has  been  exposed  to  the  air 
util  it  has  fallen  to  powder  from  the  water  and  carbon  dioxide 
ik«i  up  from  the  air;  it  contains  calcium  oxide,  hydroxide, 
Dd  carbonate. 
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fore  Ci  the  concentration  of  the  COi  is  constant  for  equilil 
St  any  one  temperature.  The  concentration  of  a  gaseous  anh 
stance  is  proportional  to  ita  pressure,  so  it  follows  that  the  carbm 
dioxide  in  equilibrium  with  the  CaO  and  CaCO»  at  any  gira 
temperature  will  always  have  a  certain  fixed  pressure. 

The  decomposition  of  the  calcium  carbonate  is  accompanifJ 
by  the  absorption  of  heat,  an  '  '  Tefore  in  accordance  withdi 
law  of  mobile  equilibrium  essure  of  the  carbon  diojii 

increases  with  rising  tempe'"'''  It  reaches  atmospheric  p» 

sure  at  about  900*,  but  in  a  .  of  air  or  any  other  gas  whii 

will  keep  the  partial  prea  :  carbon  dioxide  low  by  smf- 

ing  it  away  as  fast  as  it  is  .,  the  decomposition  will  tsii 

place  at  a  much  lower  te  e.     In  the  lime  kiln  the  liw 

etoce  is  heated  in  a  currenu  s  in  which  the  partial  preesmt 

of  carbon  dioxide  is  far  lowt.         i  one  atmosphere,  and  WW 
quently  the  temperature  of  decomposition  is  comparatively  lot. 

Calcium  carbonate  although  so  slightly  soluble  in  waKf 
readily  dissolves  in  acids.  This  of  course  is  another  case  cfi 
difficultly  soluble  salt  of  a  weak  acid  being  diesolved  by  a  strong* 
acid. 

Calcium  Chloride. — Calcium  chloride,  CaCU,  occurs  in  nalare 
in  sea  water  and  as  a  constituent  of  a  few  minerals  tor  esainplf. 
tachhydrite,  CaCl,  MgCl,  I2H,0,  and  apatite,  CabCPOOjCI. 

It  may  be  prepared  by  dissolving  pure  calcium  carbocat*  in 
hydrochloric  acid.  It  is  a  by-product  of  several  technical  proc- 
esses and  is  comparatively  cheap.  It  is  exceedingly  sol"'''* 
in  water  and  crystallizes  with  varying  amounts  of  wal«  <" 
crystallization  forming  a  mono,  di,  two  tetrahydrates  '■"^ 
hexahydrate.  The  hexahydrate  crystallizes  from  highly  W' 
centrated  solutions  at  ordinary  temperatures.  It  is  very  i^ 
quescent  and  melts  at  30°.  When  mixed  with  ice  in  the  b«l 
proportions,  a  temperature  of  —55"  may  be  obtained.  Anbj* 
drous  CaCli  and  ice  do  not  make  a  good  freezing  mixture  aim* 
the  salt  evolves  much  heat  in  dissolving,  while  the  hexahydrato 
absorb  heat. 

When  the  hexahydrate  is  heated  to  200°,  it  loses  four  mri' 
water  and  forms  a  white  porous  mass  of  the  dihydrate  whi 
very  hygroscopic  and  is  used  for  drying  gases.    Wb« 
to  a  still  higher  temperature  the  anhydrous  salt  ia 


e  reaction  represented  by  the  followmg  equation  takes  place  to 
%rtain  extent, 

CaCl,  +  H,0  -  CaO  +  2HC1 

d  the  product  contains  some  calcium  oxide. 
Oalcium    chloride   forms   a   compound,    CaCl«'SNH«,    with 
imonia  and  cannot  be  used  for  drying  this  substance. 
Return   Hypochlorite   and    Bleaching   Powder. — Bleaching 
irder,  CaCliO,  or  chloride  of  lime,  is  made  by  the  reaction  of 
.orine  on  slacked  lime, 

Ca(OH)j  +  CI,  =  CaCIiO  +  H,0 

[n  the  most  recent  plants,  the  slacked  lime  is  carried  in  a 
iveyer  in  a  direction  contrary  to  that  of  the  chlorine  so  that 
)  almost  saturated  lime  meets  the  strongest  chlorine,  while 
i  fresh  lime  comes  in  contact  with  the  weakest  chlorine.  In 
a  way,  each  is  utilized  to  the  greatest  advaat^e.  (For  the 
iperties  and  use  of  bleaching  powder  see  pp.  128,  133.) 
E'ure  calcium  hypochlorite,  Ca(OCl)i,  may  be  prepared  by 
utralizing  hypochlorous  acid  with  calcium  hydroxide.  It 
ds  no  appUcation. 

Calcium  Bromide  tod  Iodide. — Calcium  bromide  and  iodide  are 
7  similar  to  the  chloride,  but  are  even  more  soluble  than  the 
ter. 

Calcium  Fluoride. — Calcium  fluoride,  CaFi,  or  fluorspar  as  it 
commonly  called,  occurs  in  nature  fairly  abundantly.  It 
BtaUizea  in  cubes  and  is  nearly  insoluble  in  water.  It  melts 
1,330°  and  has  to  a  marked  degree  the  property  of  reducing 

melting-point  of  the  slags  produced  in  metallurgical  processes 
I  has  long  been  used  for  this  purpose.  When  heated  it  be- 
les  luminous  at  temperatures  far  below  redness,  and  this 
es  rise  to  the  term  fluorescence. 

'alcium  fluoride  is  the  source  of  other  fluorine  compounds, 
1  is  used  in  the  preparation  of  hydrofluoric  acid  for  etching 
B  and  for  other  purposes. 

«Iciam  Nitrate. — Calcium  nitrate,  Ca(N03)ii  is  found  in  all 
ile  soils.     It  may  be  made  by  the  action  of  nitric  acid  on 

carbonate,  and  is  manufactured  on  a  large  scale  for  use  as 
r  at  the  plant  for  the  manufacture  of  nitrogen  com- 
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pounds  from  the  air  at  Notodden,  Norway.  It  is  very  soluble 
in  water  and  forms  a  number  of  hydrates;  that  stable  at  ordicuy 
temperatures  is  Ca(NOj)i  4H50.  The  anhydrous  salt  is  wi 
as  a  drying  agent.  When  heated  it  gives  calcium  oxide,  nitrogen 
peroxide,  and  oxygen. 

Calcium  SuUate.—Calcium  sulfate,  CaSOj,  occurs  id  nature  in 
two  forms  as  anhydrite,  "  ""  i  as  gypsum,  CaSOvSHJJ: 

the  latter  is  the  more  import!  from  it  is  made  the  valuable 

piaster  of  Paris  and  cement  pli 

Calcium  and  sulfate  ions  nt  in  sea  water  and  gypsum 

is  deposited  soon  after  the  c  ation  of  such  water  begins- 

Without  doubt  this  baa  b(  origin  of  the  great  beds  of 

gypsum  which  are  found  ■"  *  parts  of  the  world.    The 

United  States  has  many  sits,  notably  in  New  York, 

Michigan,  Iowa,  Ohio,  'i  ahoma,  and  Kansas.    The 

total  production  of  gypsum  m  tne  United  States  is  about  2.5O0.00( 
tons  per  year,  of  which  two-thirds  is  converted  into  plaster. 

Besides  the  dihydrate  or  gypsum,  CaSO.  2H,0,  calcium  sulfau 
forms  a  hemihydrate,  2CaSOiH)0,  which  is  in  equilibrium  with 
the  dihydrate  and  water  vapor  at  107°  under  a  pressure  of 
atmosphere.  When  ground  gypsum  is  heated  from  110  to  130' 
its  aqueous  tension  is  greater  than  one  atmosphere,  and  it  rapidly 
decompose8,  losing  water  and  changing  into  the  hemihydrate. 
The  product  obtained  in  this  way  is  called  plaster  of  Paris. 
When  mixed  with  water  to  form  a  paste,  it  quickly  hardens  to 
a  mass  of  interlaced  crystals  of  the  dihydrate.  In  so  doing  it 
increases  materially  in  volume  and  fills  perfectly  a  mould  into 
which  it  may  be  poured;  because  of  this  it  is  much  used  in  makine 
plaster  cast.';.  By  far  the  more  extensive  use  for  this  product  is 
as  a  plaster  for  the  interior  of  buildings,  and  for  such  purpows 
the  plaster  :*f  Paris  sets  too  quickly.  To  overcome  this,  ad- 
vantage is  t;iken  of  the  fact  that  many  organic  substances  such 
as  glue,  sugar,  glycerine,  etc.,  will  greatly  increase  the  time  vi 
setting;  such  substances  are  called  retarders  and  the  plaster  n 
treated  is  known  as  cement  plaster.  Cement  plaster  may  abo 
be  made  without  retarder  by  using  gypsum  which  is  mixed  vitli 
the  proper  amount  of  clay  or  dirt. 

These  plasters  have  many  advantages  over  lime  {dasters  tcs 
inside  work  and  have  very  lai^ely  replaced  them.     One  impor- 
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^ant  advantage  is  that  they  dry  quicker  and  are  much  harder 
mnd  stronger  than  the  lime  plasters.  If  plaster  of  Paris  is  mixed 
yrith  a  solution  of  common  salt  instead  of  pure  water,  its  time  of 
tetting  will  be  shortened. 

Great  care  must  be  taken  not  to  overheat  the  plaster  or  drive 
o£f  all  the  water,  since  in  these  cases  the  plaster  either  will  be 
too  dow  in  setting  or  will  not  set  at  all.  Such  plaster  is  said  to 
be  "dead  burned." 

The  solubility  of  gypsum  varies  in  a  rather  remarkable  way 
with  the  temperature;  from  0^  to  38^,  the  solubility  increases  and 
then  decreases  as  the  temperature  rises.  At  the  boiling-point 
tf  water,  in  a  steam  boiler  working  under  the  usual  pressure, 
ealeium  sulfate  is  nearly  insoluble;  and  under  such  conditions, 
it  is  precipitated  from  water  which  contains  much  of  this  sub- 
stance, in  the  form  of  a  scale  which  clings  closely  to  the  boiler. 
Hard  boiler  scale  often  consists  largely  of  calcium  sulfate. 
Waters  containing  this  substance  are  said  to  have  permanent 
hardness  in  distinction  from  temporary  hardness  due  to  the 
bicarbonate.  The  addition  of  the  proper  amount  of  sodium  car- 
bonate will  precipitate  the  calcium  as  carbonate  and  leave  a 
solution  of  sodium  sulfate.  In  this  way  the  permanent  hardness 
may  be  removed. 

Calcium  Sulfide. — Calcium  sulfide,  CaS,  is  made  by  heating  the 
sulfate  with  charcoal.  It  is  a  by-product  of  the  Le  Blanc  soda 
process,  and  is  insoluble  in  water;  but  is  slowly  hydrolyzed  forming 
calcium  hydroxide  and  the  hydrosulfide, 

2CaS  +  2HaO  =  Ca(0H)2  +  Ca(HS), 

Many  specimens  of  calcium  sulfide  especially  if  slightly  impure 
with  compounds  of  vanadium  and  bismuth  will  phosphoresce, 
i.e.,  shine  in  the  dark,  after  being  exposed  to  the  light.  The  pure 
sulfide  does  not  do  this. 

Calcium  Phosphate. — The  principal  forms  in  which  calcium 
phosphate  occur  in  nature  are  apatite,  Ca6(P04)8F  and  the  normal 
phosphate,  Cas(P04)2.  Its  chief  commercial  source  is  from  phos- 
pherite  whose  composition  lies  between  that  of  apatite  and  the 
normal  salt.  Enormous  beds  of  phosphate  are  found  in  many 
parts  .of  the  world;  notably  in  this  country  in  Florida,  Tenn- 
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easee,  South  Carolioa,  Utah  and  its  neighboring:  States,  "nie 
western  deposit  is  the  largest  in  the  world  and  will  doubtless  it 
a  future  time  furnish  a  large  part  of  the  supply. 

Calcium  phosphate  is  present  in  nearly  all  rocks  and  ail  fertile 
soils.  It  is  practically  insoluble  in  pure  water,  but  is  very  slowlr 
dissolved  by  the  carbonic  acid  which  is  present  in  the  ground 
waters.  Compounds  of  "  "  i  are  absolutely  essential  to 
all  forms  of  life,     Animalb  iphat  they  need   principally 

from   plants,   while  the  In"  theira  from  the   phospbalt 

rendered  soluble  by  the  ca  d. 

Although  most  soils  coni.  e  aggregate  large  quantiliei 

of  calcium  phosphate,  th(  if  the  weather  in  rendering 

this  soluble  ia  too  slow  tc  demands  of  the  crops  under 

intensive  cultivation  an  lants  must  be  fed  with  ready 

prepared  soluble  phoapna  this  purpose  many  miltiona 

of  tons  of  phosphorite  are  mined  each  year  and  made  into  "super- 
phosphate" fertilizer. 

The  phosphate  fertilizers  are  made  by  mixing  approximalely 
equal  quantities  of  phosphorite  and  chamber-sulfuric  acid.  The 
dihydrates  of  calcium  sulfate  and  monocalcium  phosphate  ut 
formed  as  shown  in  the  following  equation: 

Ca,(POi)!  +  2HJS0.  +  6H,0  =  Ca(HaP0,),-2H,0  + 
2GaSOv2H,0 

This  reaction  takes  place  with  the  evolution  of  heat,  and  the 
mixture  soon  solidifies  to  a  mass  composed  of  the  two  hydrated 
salts.  This  is  known  as  superphosphate.  The  monocalcium 
phosphate  is  easily  soluble  in  water,  and  is  the  more  valuable 
part  of  the  fertilizer. 

Besides  the  tricalciura  phosphate  or  normal  phosphate  as  it 
is  called,  Ca3(P04}i,  there  is  known  the  dicalcium  salt,  CaHPO., 
and  the  monosalt  given  above.  All  the  calcium  phosphates  are 
readily  soluble  in  acids,  even  in  those  as  weak  as  acetic  acii 
This  is  due  to  the  fact  that  phosphoric  acid  is  weak  and  that  ion. 
HtPO«~,  is  formed  with  especial  ease.  The  calcium  salt  of  t 
ion  is  easily  soluble  as  has  been  mentioned  above. 

Besides  being  made  into  fertilizers,  calcium  phoei^te  > 
aa  the  source  of  phosphoric  acid  and  phosphorus. 


aldum  Carbide  and  Calcium  Cyauamide. — Calcium  carbide, 
jt,  is  formed  by  the  reaction  of  carbon  upon  lime  iu  an 
trie  furnace  (Fig.  57).     The  equation  for  the  reaction  ia, 

CaO  +  3C  =  CaC,  +  CO 

I  carbide  reacts  with  water  producing  acetylene,  and  with 
ogen  for  the  formation  of  calcium  cyanamide,  CaCNt, 

CaC,  +  N,  =  CaCN,  +  C 


B  reaction  takes  place  at  1,000°  and  goes  more  readily  in  the 
sence  of  calcium  chloride.  Calcium  cyanamide  is  slowly 
omposed  by  water,  forming  the  carbonate  and  ammonia, 

CaCN,  +  3H,0  =  CaCO,  +  2NH, 

is  therefore  useful  as  a  nitrogen  fertiUzer,  and  is  now  being 
de  at  Niagara  Falls  in  the  United  States,  and  in  about  fourteen 
erent  places  in  the  world.  While  the  nitrogen  fertilizers  are 
y  important,  they  are  not  as  absolutely  indispensable  as  the 
«phates  and  potassium  fertiUzers  are  since'  it  is  practicable 
Dtroduce  the  nitrogen  compounds  into  the  soil  with  leguminous 

QtS. 

ialdum  Oxalate. — Calcium  oxalate,  CaCiO*,  is  a  white  crystal- 
:  salt  which  is  very  sUghtly  soluble  in  water  and  ia  formed  at 
e  whenever  a  solution  of  an  oxalate  is  added  to  a  calcium 
.  The  precipitate  is  practically  insoluble  in  water  and  in 
Uc  acid,  but  dissolves  easily  in  strong  acids  like  hydrochloric 
i  nitric.  The  explanation  for  the  difference  is  to  be  found  in 
fact  that  oxahc  acid  is  a  stronger  acid  than  acetic,  but 
ikex  tbui  hydrochloric.    It  will  be  recalled  that  the  difficultly 
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soluble  Baits  of  weak  acids  are  soluble  in  the  stronger  acidebecuR  j; 
of  the  decrease  in  the  concentration  of  their  anion  duetottl 
formation  of  the  undisaociated  weak  acid.     The  alight  Bolulilf 
of  calcium  oxalate  is  made  use  of  in  the  detection  and  ts 
tion  of  calcium  as  ion.     The  oxalate  reagent  used  is  a 
oxalate.  Ii 

Caldutn  Silicate  and  '=■'"-  — ^".Icium  silicate  occurs  in  naiotL 
in  almost  all  of  the  i  a.     The  meta  silicate,  C*90iil: 

forma  the  mineral  w        ,n.>  ;  is  not  of  much  importuDM   I 

The  artificial  compii  known  as  glass  are,  howTB.1 

of  great  importance.  lommon  of  these,  that  bowl 

as  soft  or  soda  glass,  is  ma<  m  calcium  carbonate,  sai^j 

carbonate,  and  glass  sam  is  nearly  pure  silicon  diofl^l 

The  reaction  may  be  ri   by  the  following  eqiialiMi^  I 

NasCOj  +  CaCO,  =  Na.CaSi.Ou  +  2C0, 

but  it  must  be  understood  that  the  glass  is  a  mixture  of  ailifsta 
rather  than  a  definite  chemical  compound. 

The  substances  are  mixed  in  the  proper  proportions  and  heaW 
to  a  temperature  below  their  melting  point  when  the  reoctki 
takes  place,  and  most  of  the  carbon  dioxide  escapes  throu^  th 
porous  mass.  The  temperautre  is  then  raised  to  about  1,20C 
when  the  glass  fuses  to  a  mobile  liquid  which  is  fluid  enough  t 
allow  the  bubbles  of  gas  to  escape.  The  temperature  is  the 
lowered  to  700°  or  800°  when  the  glass  becomes  viscous  enough ' 
work.  Ordinary  window  glass  is  made  by  blowinglong  cylindric 
bulbs  of  glass.  After  the  bulb  is  blown  to  the  proper  dimenao< 
the  bottom  is  heated  and  blown  out  leaving  a  long  cylindcar  wi 
a  bottle-like  top  and  neck.  This  is  allowed  to  coed  and  the  ti 
cut  off  by  wrapping  a  string  of  hot  glass  around  the  cylinder  &e 
the  top  and  suddenly  touching  a  heated  spot  on  the  cylinder  wi 
a  cold  iron.  A  crack  instantly  extends  around  the  cjdind 
following  the  line  heated  by  the  string  of  hot  glass.  The  rest 
is  a  long  glass  cylinder  open  at  each  end.  This  is  then  sp 
lengthwise  by  running  a  red  hot  iron  through  the  cylinder  & 
touching  the  heated  glass  at  the  end  with  a  cold  iron.  T 
crack  instantly  runs  the  whole  length  of  the  cylinder.  This 
then  placed  upon  a  flat  revolving  bed  of  a  furnace  upon  whi 
it  is  smoothed  out  after  being  heated  to  the  softening  piui 
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Bottles  are  blown  into  moulds,  but  flasks,  beakers,  etc.,  are 
^hde  free  hand  without  any  naoulds,  the  glass  blower  taking 
^vantage  of  the  fact  that  the  surface  tension  of  the  glass  will 
^use  it  to  contract  when  heated,  while  he  can  make  it  expand 
ft  will  by  blowing  into  the  vessel  when  it  is  hot.  Glass  tubing 
^  made  by  rapidly  drawing  out  a  hollow  mass  of  glass.  This 
^  done  by  two  men  who  walk  or  run  in  opposite  directions, 
^^^essed  glass  articles  are  made  by  pressing  the  hot  glass  in 
^oulds  having  the  desired  designs  cut  upon  them.  The  designs 
^  cut  glass  are  worked  into  the  glass  with  rapidly  revolving 
Wheels,  armed  with  wet  sand  which  quickly  cuts  away  the  glass, 
the  surface  is  afterward  polished.  Plate  glass  is  made  by  casting 
the  glass  into  large  sheets  which  are  ground  until  the  sides 
^e  plane  and  parallel,  and  then  polished. 

The  cheaper  kinds  of  soda  glass  are  often  made  from  sodium 
sulfate,  carbon,  calcium  carbonate,  and  sand,  the  equation  being, 

2Na,S04  +  C  +  2CaCOs  +  12Si02  =  2Na2CaSiflOi4  +  3C0i  + 

2S0, 

Soda  glasses  are  rather  easily  attacked  by  water,  and  for  many 
chemical  purposes  the  more  difficultly  soluble  and  less  fusible 
potassium  glass  is  made;  this  is  practically  the  same  as  the 
soda  glass  except  the  potassium  has  taken  the  place  of  the  so- 
dium. Its  composition  may  be  represented  by  KsCaSieOu.  It 
18  commonly  called  hard  or  Bohemian  glass.  Curiously  enough 
a  glass  composed  of  a  mixture  of  soda  and  potash  glass  is  more 
soluble  than  one  containing  either  alone. 

Many  special  gliEtsses  are  made  in  which  the  sodimn,  potas- 
sium, and  calcium  are  replaced  more  or  less  completely  by  lead, 
magnesium,  zinc,  barium,  antimony,  arsenic,  aluminum,  lithium, 
didymium,  thallium,  iron,  manganese;  and  the  silica  by  boric 
or  phosphoric  oxides.  Flint  glass,  crystal  glass,  and  Strass  are 
potassium  lead  glasses  and  have  great  brilliancy  and  a  high  index 
of  refraction.  They  are  easily  attacked  by  water  and  acids, 
and  are  not  suitable  for  chemical  purposes,  but  are  used  in 
optical  instruments.  One  kind  of  Jena  glass  is  especially  resist- 
ive to  chemical  action  and  is  a  borosilicate  glass  containing  zinc 
and  barium. 

Molten  glass  will  dissolve       ""v  metallic  oxides  whi^' 
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impart  characteristic  colors.  Cobalt  gives  blue,  chromiuin  and 
copper  oxides  greeo,  uraaiiUQ  yellow  with  a  greenish  fluorescence, 
cuproua  oxide  with  a  reducing  agent,  selenium  and  metallic  gold 
a  deep  red  color  due  to  a  colloidal  solution  of  the  element*.  Milk 
glass  ifl  made  by  adding  bone  ash  (calcium  phosphate)  or  stannic 
oxide,  SnOs,  to  the  glaflB.  These  do  not  dissolve,  but  make  the 
glaaa  white  and  opaque. 

Glass  is  an  amorphous  sub  and  has  no  definite  melting 

point;  it  simply  gradually  »  i  the  temperature  is  nused. 

This  has  led  many  to  con  t  ordinary  temperatures  as  a 

very  viscous  liquid,  but  it  c€  .e  highly  elastic  and  has  tbe 

general  properties  of  a  solid.  glass  is  kept  for  a  long  time 

at  temperatures  near  its  sofii^  xiint,  it  gradually  become 

crystallioe  or  devitrifies  as  it  ed.     With  certain  kinds  of 

glass,  this  seriously  interferes  s  working. 

All  thick  glass  objects,  especially  if  of  irregular  shape,  must  be 
cooled  very  slowly,  annealed  as  it  is  called.  If  cooled  quickly, 
the  outside  will  harden  while  the  inside  is  still  soft;  upon  further 
cooling,  the  interior  tends  to  contract  and  this  puts  great  stress 
upon  the  glass  and  makes  it  extremely  Ukely  to  crack.  A  piece 
in  this  condition  will  often  fly  into  minute  fragments  wheJi 
scratched  at  any  point  on  the  surface. 

Analytical  Properties  of  Calcium. — The  more  important 
analytical  properties  of  calcium  have  been  given  in  connection 
with  the  oxalate.  In  addition  it  may  be  mentioned  that  volatile 
calcium  compounds,  the  chloride  for  example,  color  the  Bunsen 
.  flame  brick  red  and  give  a  red  and  a  green  band  in  the  spectro- 
scope (see  Frontispiece),     The  latter  test  is  quite  sensitive. 

STRormwM  I 

Strontium  is  the  second  member  of  the  alkaline  earth  metsk,   ' 
if  they  are  arranged  in  the  order  of  their  atomic  weights. 

Both  the  physical  and  chemical  properties  of  the  element  and 
of  its  compounds  closely  resemble  those  of  calcium  •"' 
calcium  salts.     It  is,  however,  much  less  abundant 
tively  unimportant. 

The   metal   may   be   prepared   by   electrol" 
chloride;  it  is  silvery  white  and  crystallioe. 
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Dd  volatilizes  ait  950°  in  a  vacuum.  The  density  is  2.5.  It  is 
lore  rapidly  oxidized  in  air  than  calcium  and  decomposes 
'ater  and  alcohol.  It  dissolves  very  rapidly  in  acids.  When 
eated  in  oxygen  it  bums  with  a  bright  red  flame.  It  combines 
ith  most  of  the  non-metallic  elements.  The  atomic  weight 
strontium  is  87.63. 

Occurrence. — Strontium  occurs  in  nature  as  strontianite,  the 
rbonate,  SrCOi,  isomorphoua  with  aragonite  and  as  celestite. 
SOt,  isomorphous  with  anhydrite,  CaSO^. 
The  Compounds  of  Strontium. — Besides  the  naturally  occur- 
3g  carbonate  and  sulfate,  the  principal  compounds  of  strontium 
e  the  chloride,  SrClt'6HiO,  the  nitrate  Sr(NO«)i,  the  oxide, 
■O,  the  hydroxide  Sr(OH)i,  and  the  ox^te  SrCiOi-  The 
ilta  may  be  easily  made  from  the  carbonate  by  treating  the 
tter  with  the  acid  corresponding  to  the  salt  desired.  The 
dde  may  be  made  by  a  similar  method  to  that  used  for  calcium 
side,  that  is  by  heating  the  carbonate;  but  the  temperature 
Miuired  is  far  higher  than  that  for  calcium  oxide,  so  a  better 
'ay  is  to  heat  strontium  nitrate.  The  hydroxide  may  be  easily 
isde  by  passing  superheated  steam  over  the  carbonate, 

SrCO,  +  H,0  T±  8r(0H),  +  COi 

^e  steam  sweeps  away  the  COi  as  it  is  formed  and  so  favors 
tia  transformation  of  the  carbonate.  Strontium  chloride, 
nlfate  and  carbonate  are  less,  while  the  hydroxide  and  oxalate 
%  more  soluble  than  the  corresponding  calcium  compounds. 
Volatile  strontium  compounds  color  the  fiame  carmine  red  and 
Te  a  spectrum  which  consists  of  a  number  of  strong  red  hues 
Id  a  weaker  but  more  characteristic  blue  line.  The  spectro- 
«|uc  test  is  very  sensitive. 

Babium 

Barium  is  the  third  element  of  the  alkaline  earth  family.  The 
letal  is  silver  white  and  has  a  density  of  3.78.  It  melts  at  about 
S0°  and  boils  at  1,150°.  It  oxidizes  rapidly,  sometimes  catching 
re  qMntoneoosly,  and  decomposes  water  and  alcohol  even  more 
in  iAnmtium.  It  combines  readily  with  hydrogen 
ium  is  137.37. 
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OccurreDCe. — Barium  occurs  in  nature  principally  as  barjia 
or  heavy  spar  which  is  barium  sulfate,  BaSOt,  and  as  the  (V- 
bonate  or  witherite,  BaCOj.  From  these  the  other  barium  rom- 
pounds  are  made.  They  are  technically  much  more  importwl 
than  the  corresponding  strontium  compounds.  Barium  ^t< 
may  be  obtained  by  treating  witherite  with  the  correspomlinE 
acid  or  by  reducing  the  sulfide  with  carbon  at  higl 

temperatures,  and  treatir  le  with  the  acid  of  the  dwireii 

salt. 

Barium  Oxide  and  H^  Barium  oxide,  BaO,  is  vak 

by  beating  the  nitrate  to  a.  perature.     It  is  impracticiJile 

to  prepare  the  oxide  by  h  le  carbonate  alone,  since  tto 

temperature  of  decompc  'ery  hiRh.  but  a  mixture  (i 

carbon  and  barium  carboi  ta  easily  at  a  moderate  tem- 

perature to  form  barium  ox  carbon  monoxide, 

BaCO,  +  C  =  BaO  +  2C0 

The  formation  of  the  carbon  monoxide  aids  by  reducing  tin 
partial  pressure  of  the  carbon  dioxide.  The  oxide  combin* 
even  more  readily  with  water  than  calcium  oxide  to  form  the 
hydroxide  which  is  often  called  baryta,  Ba(OH)j.  Became  i^ 
this,  it  is  feasible  to  prepare  the  hydroxide  by  heating  ti* 
carbonate  in  a  stream  of  superheated  steam, 

BaCO,  +  HiO  =  Ba(OH)i  +  CO, 

The  steam  decreases  the  partial  pressure  of  the  carbon  dioxide. 
and  the  opportunity  for  the  formation  of  the  very  stable  hydrooiit 
aids  in  the  reaction. 

The  hydroxide  is  more  soluble  in  water  than  either  the  corre- 
sponding strontium  or  calcium  compound  and  is  a  somewhat 
stronger  base.  It  crystallizes  from  its  solutions  with  8  molecule 
of  water,  Ba(OH)i-8HjO. 

Barium  Dioxide. — Barium  dioxide,  BaOi,  is  formed  whw 
either  the  oxide  or  hydroxide  ia  heated  in  a  stream  of  air.  At » 
higher  temperature,  or  lower  pressure  of  oxygen,  it  decomposes 
into  oxygen  and  barium  oxide.  This  was  the  basis  of  a  proeea 
for  obtaining  oxygen  from  the  air.  This  process  has  now  been 
replaced  by  that  founded  on  the  liquefaction  of  the  air. 
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Barium  dioxide  is  important  as  the  atarting  point  for  the 
eparation  of  hydrogen  dioxide. 

Barium  Carbonate. — Barium  carbonate,  BaCOi,  as  has  been 
mtiooed,  occurs  in  nature.  It'  is  also  formed  by  bringing 
^ther  a  solution  of  a  carbonate  and  a  barium  salt,  or  by 
dng  the  sulfate  with  sodium  carbonate.  It  is  only  slightly 
uble,  but  more  so  than  the  carbonates  of  calcium  or  strontium. 
I  solubility  in  water  is  increased  by  the  presence  of  carbon 
mde,  owing  to  the  formation  of  the  bicarbonate. 
Barium  Sulfate. — Barium  sulfate,  barytea,  BaSOi,  is  in  some 
ipects  the  most  important  salt  of  barium.  It  is  the  chief 
nice  of  the  other  compounds,  and  is  itself  extensively  used  as  a 
lite  p^ment,  called  "permanent  white,"  which  is  used  in 
tints.  The  precipitated  barium  sulfate  is  more  valuable  as  a 
gment  than  the  natural  because  the  particles  are  smaller  and 
iuce  it  has  more  "covering"  power  since  it  is  not  so  transparent, 
his  precipitated  sulfate  may  be  obtained  by  Qist  dissolving 
itherite  in  hydrochloric  acid,  and  then  adding  sulfuric  acid 
hich  will  precipitate  the  barium  sulfate  and  regenerate  the 
rdrochloric  acid  which  is  then  ready  to  treat  another  lot  of 
itherite.  It  may  also  be  obtained  by  reducing  the  sulfate  to 
■Ifide,  BaS,  by  carbon  at  high  temperatures,  and  treating  the 
^ract  from  this,  which  will  contain  the  hydroxide  and  the 
'drosulfide,  with  sulfuric  acid.  The  sulfate  has  some  advan- 
Kes  over  white  lead  as  a  pigment,  in  that  it  is  chemically  inert 
d  cannot  change  in  color,  but  it  does  not  "cover"  as  well 
M  p.  422)., 

Barium  sulfate  is  one  of  the  least  soluble  salts;  100  grm.  of 
(ter  will  dissolve  0.00026  grm.  of  the  salt  at  25°. 
Barium  Sulfide. — Barium  sulfide,  BaS,  to  which  frequent 
erence  has  been  made,  is  prepared  by  the  interaction  of  carbon 
d  the  sulfate 

BaSO*  +  4C  =  BaS  +  4C0 

ifl  dowly  attacked  by  water,  forming  the  hydroxide  and 
drosulfide. 

Baritmi  sulfide  is  phosphorescent  when  it  contains  certain 
purities,  although  the  pure  compound  is  not. 
~    *    1  Chloride.— Qg^iim  chloride,  BaCli.2HiO,  is  made  by 


heatii^  a  mixture  of  the  sulfate  with  carbon,  and  atlaiv  I 
chloride,  CaCU, 

BaSO,  +  CaCIs  +  4C  =  BaCli  +  CaS  +  4C0 

The  furnace  product  is  treated  with  water  to  dissolve  the  barium 
chloride,  which  is  purified  by  recrystallizatioo.  It  is  not  « 
soluble  as  calcium  chlorit'  '  '  ot  deliquescent.  It  is  rauct 
used  aa  a  reagent  for  tht  n  and  determiQation  of  \k 

sulfate  ion.     Like  all  the  (  ible  barium  salts  it  isbigblj 

poisonous. 
Barium  Chlorate. — Barii  ate,  &a(CIOs)],  is  made  i? 

heating   together,    in   solu rium    chloride   and  sodium 

chlorate 

BaCI»  +  2Nb  (aOi)i  +  2NaCI 

It  is  used  in  making  green  nre. 

Barium  Nitrate. — Barium  nitrate,  Ba(NO,)j,  is  made  by  the 
action  of  nitric  acid  upon  the  carbonate,  sulfide,  oxide  or  hy- 
droxide of  barium.  It  crystallizes  as  the  anhydrous  salt  and 
sometimes  is  used  in  colored  fire.  It  is  used  in  the  prcparatlm 
of  the  oxide  as  noted  above. 

Barium  Chromate. — Barium  ehromate,  BaCrOt,  is  precipt- 
tated  by  bringing  together  a  barium  salt  in  solution  and* 
soluble  chromate  or  dichromate.  It  has  a  yellow  color  and  is 
one  of  the  few  colored  barium  salts.  It  ia  but  slightly  soloUt 
in  water  and  weak  acids,  but  dissolves  in  strong  acids,  ft* 
chromates  of  calcium  and  strontium  are  very  much  more  soluble 
than  barium  chromate,  and  advantage  is  taken  of  this  in  liie 
analytical  separation  of  the  elements. 

Analytical  Properties  of  Barium. — The  properties  of  barium 
which  are  used  in  analj'sis  are  the  slight  solubility  of  the  carbon- 
ate, sulfate,  and  chromate  together  with  the  green  color  which 
it  will  impart  to  the  Bunsen  fiame,  and  the  spectrum  which  con- 
sists of  a  number  of  orange  and  green  lines.  These  are  much  le« 
intense  than  the  lines  of  calcium  and  strontium  bo  that  this  bet 
is  not  very  sensitive.  In  the  separation  of  the  group  the  mem- 
bers are  precipitated  together  as  the  carbonates.  The  precipitate 
is  then  dissolved  in  acetic  acid  and  potassium  dichromate  added 
which  precipitates  barium  chromate.     The  solutiou  is  Bttertd 
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id  a  dilute  aolution,  5  grm.  per  liter,  of  potasaiiUD  sulfate  added. 
nee  strontium  sulfate  is  much  less  soluble  than  calcium  sulfate, 
le  conceotration  of  the  sulfate  as  ion  in  this  dilute  solution  will 
recipitate  strontium  sulfate,  bu^  not  that  of  calcimn.  The  Bolu- 
on  is  then  filtered  and  ammonium  oxalate  added  to  precipitate 
ie  calcium. 

Radium 

The  remaining  member  of  the  group  is  the  very  rare  element, 
adium.  This  was  discovered  in  1898  by  M.  and  Mme.  Curie. 
t  is  widely  distributed  in  nature,  but  always  is  very  small 
uaotities.  All  rocks  and  soils  seem  to  contain  a  very  little, 
t  is  most  abundant  in  the  minerals  which  contain  uranium 
nd  there  seems  to  be  a  more  or  lees  definite  ratio  between  the 
^dium  and  the  uranium  content  of  the  ores. 

The  compounds  of  radium  very  closely  resemble  those  of 
^rium,  and  the  corresponding  compoimds  of  the  two  elements 
'e  often  isomorphous.  Kadium  chloride,  bromide,  carbonate, 
Ad  sulfate  are  less  soluble  than  the  correeponding  barium 
kits.  This  decrease  in  soIubiUty  is  in  accord  with  its  higher 
bomic  weight,  226.0.  The  volatile  compounds  color  the 
'Unsen  flame  carmine  red  and  give  two  beautiful  bands  in  the 
!d,  a  line  in  the  blue-^een  and  two  weak  lines  in  the  violet 
Ortion  of  the  spectrum.  The  sfwctrum  of  radium  is  so  distinct 
ltd  characteristic  that  there  can  be  no  doubt  but  that  it  is  an 
iement.  The  radium  compounds  have  the  very  remarkable 
toperty  of  being  highly  radioactive  and  of  changing  sponta- 
eously  into  other  elements,  but  the  discussion  of  this  phase  of 
le  subject  will  be  postponed  to  a  later  point  when  the  radio- 
;tive  elements  may  be  considered  in  a  group. 

Metallic  radium  has  been  obtained  by  first  preparing  the 
nalgam  through  the  electrolysis  of  a  solution  of  radium  chloride 
ling  mercury  as  the  cathode,  and  then  carefully  driving  off  the 
«rcury  by  heating  in  a  vacuum.  The  radium  is  left  behind  as 
hard  silvery  white  metal.  It  melts  at  700°  and  is  rather  more 
jlatile  than  barium.  It  blackens  in  the  air,  due  to  the  forma- 
on  of  a  nitride,  acts  upon  water  very  vigorously.  The  radio- 
itivity  of  the  metal  is  the  same  as  that  of  an  equivalent  quantity 
'  one  of  its  salts. 
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Geoeral  RelationBhips. — As  with  the  alkali  metals,  the  proper- 
ties of  the  alkalbe  earth  elements  vary  in  a  regular  way  with  Uie 
atonxic  weight  as  may  be  seen  from  the  following  table. 

As  the  atomic  weight  iDcreases. 

The  reactivity  of  the  element  increases. 

The  density  of  the  elem^nf-  orn4  ""mpoundB  increases. 

The  basic  properties  of  i-  e  increase. 

The  solubility  of  the  'ases. 

The  solubility  of  the  lunds  and  nitrate  decreases. 

The  solubility  of  the  .  ornate  decreases. 


CHAPTER  XXIII 

THE  HAGNB^UM  SDB-OROUP 

The  membera  of  this  sub-group,  beryUium,  m&gnenum,  zinc, 
dmium,  and  mercury  do  not  form  as  well  marked  a  family 
the  members  of  the  alkaline  earth  metals. 
BeryUium  is  perhaps  even  more  like  the  next  group  than  it  is 
«  the  other  members  of  this  and  so  makes  a  good  connecting 
\  between  the  two  groups.  Magnesium,  zinc,  and  cadmium 
.^e  many  points  in  common  but  not  as  many  as  calcium, 
rontium  and  barium.  Mercury  differs  markedly  from  the 
hers  aa  will  be  seen  when  its  compounds  are  discussed.  All 
e  memberfl  of  the  sub-group  are  more  readily  reduced  to  the 
ctallic  state  than  are  the  members  of  the  alkaUne  earths  and 
'« less  active  chemically. 

BuRYLLHm  OR  GlUCIN0M 

The  first  member  of  the  magnesium  group  is  beryUium  or 
tucinum  as  it  la  often  caUed.  It  got  the  name  gtucinum  from 
be  fact  that  its  salts  have  a  sweet  taste  and  the  name  beryUium 
"otn  its  occurrence  in  the  gem  stone  beryl. 

The  element  does  not  occur  free  in  nature  and  its  compounds 
"e  rare.  Neither  the  element  nor  its  compounds  have  found  any 
^pUcation  except  that  some  of  the  latter  are  used  as  gems. 
Kryl,  for  example,  is  a  double  beryllium  aluminum  silicate, 
&iA]jSieO]i,  which  when  transparent  and  green  colored  is 
lown  as  emerald  and  when  having  a  bluish-green  tint  as 
luamarine.    The  color  of  emerald  is  probably  due  to  chromium. 

MetaUic  beryUium  may  be  prepared  by  the  electrolysis  of  the 
i8ed  double  fluorides  of  sodium  or  potassium,  BePj-NaF. 
•  is  less  active  chemically  than  the  metals  of  the  alkaline  earth 
Poup  and  decomposes  water  only  very  slowly,  even  when  heated. 
b  dissolves  readUy  in  the  dilute  acids,  and  in  solutions  of  sodium 
r  potassium  hydroxides.     ' '      '<ium,  the  first  metaUic  member 
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of  the  next  group,  shows  this  same  peculiarity  and  this  ii 
one  of  several  indications  that  beryllium  gives  of  its  poaitii 
the  connecting  element  between  Groups  II  and  III.  It  wi 
recalled  that  in  discussing  lithium  it  was  pointed  out  tbi' 
first  member  of  a  group  often  had  properties  which  conni 
that  group  with  the  next  higher  one. 

The  chloride,  BeCl,,  a  '  "  tulfate.BeSO*,  are  the  beat  !c 
salts.  They  are  both  solubl  i  water  and  their  solutioos 
acid,  owing  to  hydrolj  he  hydroxide,  Be(OH)i,  is 

alightly  soluble  in  water  i  taolves  in  acids,  and  also  in 

tions  of  sodium  or  pota  hydroxide. 

Beryllium  carbonate  is  unstable  and  decomposes  i 

air  at  temperatures  below  boiling-point  of  water  int- 

oxide  and  carbon  dioxide. 

The  atomic  weight  of  beryllium  is  9.1. 

Maqnesiuh 

Magnesium  occurs  very  abundantly  in  nature  as  a  comp 
of  a  large  number  of  silicates  of  which  mention  may  be  mi 
olivine,  MgaSiO*,  serpentine,  (MgFe)»Si»0T-2H»0,  asb 
Ca,Mg(SiOi)«,  meerschaum,  H,Mg,(SiOi),H,0;  as  the 
bonate,  magnesite,  MgCOi,  and  as  a  double  salt  with  cs 
carbonate,  MgCOiCaCOa,  known  as  dolomite.  The  su 
and  chloride  and  mixtures  of  the  double  salts  are  foui 
Stassfurt.  This  by  no  means  exhausts  the  list  of  its  occui 
which  might  be  greatly  extended. 

Preparation  of  the  Metal. — Metallic  magnesium  is 
prepared  by  the  electrolysis  of  fused  dehydrated  cam 
MgCliKCl'6HiO.  The  electrolysis  is  carried  out  in  closec 
trie  furnaces  through  which  a  current  of  hydrogen  or  coal 
passed  to  protect  the  metal  from  the  air. 

Magnesium  is  a  silver  white  metal  having  a  density  of 
It  melts  at  650°  and  boils  at  1,120°.  When  heated  nearly 
melting-point  it  softens  and  may  be  pressed  into  wire  whic 
then  be  rolled  into  ribbon.  It  preserves  its  luster  in  di 
but  tarnishes  in  moist.  When  heated  in  the  air  it  burm 
a  very  intense  light,  forming  a  mixture  of  the  oxide,  Mg( 
thenitride,  MgiN».     At  a  moderately  high  temperatun 
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tal  decompoaea  steam,  forming  hydrogen  and  the  oxide.  It 
1  burn  in  carbon  dioxide  with  the  deposition  of  carbon  and 

formation  of  the  oxide.  As  may  be  judged  from  these 
mples,  mangesium  is  an  excellent  reducing  agent, 
rbe  light  produced  when  magnesium  burns  is  especially  rich 
,he  violet  rays  which  most  aSect  the  photographic  plates  and 
ice  the  metal  finds  application  as  the  active  component  of 
uh  powder,"  which  may  be  prepared  from  powdered  mil- 
ium and  potassium  chlorate  or  similar  oxidizing  agents, 
th  aluminum,  it  forms  useful  alloys,  which  can  easily  be  cast 
1  worked  and  are  lighter  than  aluminum, 
rhe  atomic  weight  of  magnesium  is  24.32. 
ISagnesium  Oxide  and  Hydroxide. — Magnesium  oxide,  MgO, 
"calcined  magnesia"  is  prepared  by  heating  the  carbonate, 
ich  breaks  down  into  the  oxide  and  carbon  dioxide  at  a  much 
'er  temperature  than  calcium  carbonate.  It  is  a  white,  highly 
jsible  substance,  which  is  used  as  a  lining  for  electric  furnaces 
I  for  crucibles  for  use  in  the  Goldschmidt  process,  p.  396. 
slowly  reacts  with  water  to  form  the  hydroxide,  Mg(OH)t, 
ich  is  only  slightly  soluUe.  The  solution  has  a  very  faint 
aline  reaction,  d^e  to  the  fact  that  the  hydroxide  is  a  weaker 
e  than  calcium,  as  well  as  being  less  soluble.  Because  of  its 
ht  solubility  the  hydroxide  is  precipitated  when  a  soluble 
JTOxide  is  added  to  a  magDesium  salt.  An  exception  to  this 
ound  in  the  fact  that  if  ammonium  salts  are  present  in  suffi- 
it  concentration,  magnesium  hydroxide  is  not  precipitated 

ammonium  hydroxide.  The  explanation  is  as  follows : 
monium  hydroxide  is  a  weak  base  and  the  reaction  represented 
the  equation, 

NH40Hf±NH,+  +  OH- 

Ci  Cj  c* 

es  place  only  to  a  shgfat  extent  with  the  formation  of  ammo- 
n  and  bydrozyl  ions.  From  the  law  of  mass  action,  CiCg/c  i  =  K. 
monium  salts  are  largely  dissociated  and  give  a  high  concen- 
ion  of  the  ammonium  ion.  So,  if  some  ammonium  salt,  say 
chloride,  be  added  to  an  ammonium  hydroxide  solution,  the 
sentration  of  the  ammonium  ion,  C:,  will  be  increased  and 
wiU  cause  a  decrease  in  the  concentration  of  the  hydroxyl 
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ion,  Cs,  and  an  increase  in  that  of  the  undissociated  hydroiidt 
Ci,  Ammonium  hydroxide  is  then  a  weaker  base  in  the  presenct 
of  ammonium  salts  than  when  alone;  and  when  the  concenbt- 
tion  of  the  salt  ia  high,  tha,t  of  the  hydroxyl  ion  becomes  veir 
small  indeed. 

^Vbeo  ammonium  hydroxide  is  added  to  a  magnesium  BftH,  the 
reaction  ia  represented  by  the  following  equation, 

Mg^-^  +  2C1-  +  2NH4+  +  20H-f±MB(0H),  +  2NH«+  +  20" 


The  conditions  for  equilibrium  are  represented  by  the  equation 
o't/c'ic'i'  =  K.  Now,  before  magnesium  hydroxide  can  be  pre- 
cipitated, the  solution  must  be  saturated  with  the  substanre; 
which  means  the  c'»  must  have  reached  a  certain  definite  value; 
and  hence  c'l  e'j*  must  have  attained  a  fixed  and  definite  nuj- 
nitude  knowB  aa  the  solubility  product  or  "precipitation  value." 
When  ammonium  hydroxide  ia  added  to  a  magnesium  salt  in  the 
absence  of  an  ammonium  salt,  c'l  is  large  enough  so  that  o'/ 
exceeds  the  solubility  product  of  magnesium  hydroxide  and  tiiB 
compound  is  precipitated;  but  if  an  ammonium  Bait  is  present, 
c'j  will  be  BO  reduced  as  shown  above  that  c'lc't'  will  be  smaller 
than  the  solubility  product,  and  Mg(OH)j  will  not  be  precijH- 
tated.  Correspondingly,  magnesium  hydroxide  is  dissolved  I'J 
ammonium  salts,  such  aa  the  chloride  or  nitrate. 
This  may  be  shown  as  follows: 


Mg++- 


20H-  ?±Mg(OH), 


2NH4+|?±NH4a 


,  =  K' 


The  ammonium  ion  from  the  salt  unites  with  the  hydroxyl  bm 
from  the  magnesium  hydroxide,  and  thereby  decreasea  c'l;  tw" 
will,  of  course,  decrease  c'j,  and  hence  increase  the  solubility  of 
the  hydroxide. 

Acids  would,  of  course,  act  in  much  the  same  way  and  decresse 
the  concentration  of  the  hydroxyl  ion  through  the  formation  (f 
water.  Their  action,  however,  is  more  vigorous  than  that  t' 
ammonium  salts.     Many  other  hydroxides  are  affected  in  tl* 
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no  way,  so  that  the  general  rule  may  be  formulated,  that 
derately  soluble  hydroxides  will  be  dissolved  by  ammonium 
ts  and  even  very  difficultly  soluble  ones  by  abide,  in  each 
le,  because  of  the  decrease  in  the  concentration  of  the 
droxyl  ion. 

Uag&esiuin  Carbonate. — The  normal  carbonate  occurs  in 
bure  as  magnesite,  MgCOi.  It  also  combines  with  calcium  * 
•bonate  to  form  a  compound  called  dolomite,  MgCOi,  CaCOi, 
ich  occiu?  in  enormous  quantities. 

Magnesium  carbonate  is  but  slightly  soluble  in  water,  although 
tre  soluble  than  the  hydroxide.  It  is  more  soluble  in  water 
dtaining  carbon  dioxide  than  in  pure  water,  because  of  the 
-mation  of  the  bicarbonate. 

When  a  soluble  carbonate,  such  as  sodium  carbonate,  is  added 
a  magnesium  salt,  a  mixture  of  magnesium  carbonate  and 
droxide  is  precipitated.  The  cause  of  the  precipitation  of 
e  hydroxide  is  found  in  the  fact  that  the  sodium  carbonate  is 
lirolyzed,  giving  a  certain  amount  of  the  hydrocarbonate  ion, 
id  of  the  hydroxyl  ion,  in  addition  to  the  carbonate.  Then, 
Ice  magnesium  hydroxide  is  even  less  soluble  than  the  carbon- 
e,  the  two  salts  are  precipitated  together. 
This  mixture  prepared  by  precipitation  is  washed  and  dried 
d  put  on  the  market  under  the  name  of  magnesia  alba.  It  is 
ed  in  medicine  as  a  mild  alkali. 

Magnesiuin  Chloride. — Magnesium  chloride,  MgCli-6HiO,  is 
and  in  the  Stassfurt  salts  and  is  called  bischofite;  it  is  very 
luble  and  is  highly  deliquescent.  When  it  is  attempted  to 
hydrate  the  salt  by  heating,  decomposition  takes  place  and 
&gnesium  oxide  and  hydrochloric  acid  are  formed  as  shown  in 
e  following  equation : 

MgCli  +  H,0  =  MgO  +  2HC1 

Magnesium  chloride  forma  a  double  salt  with  potassium 
loride,  MgCli-KCl'6HtO,  which  is  known  as  carnallite. 
When  camallite  is  heated  it  loses  its  water  of  crystallization 
idily  but  the  magnesium  chloride  is  not  decomposed.  An 
UQonium  magnesium  double  chloride,  MgCli-NH^CI-GHiO, 
imorphous  with  carnallite  is  known.  This  may  be  dehydrated 
tbout  decomposition  of  the  magnesium  chloride,  and  when 
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heated  to  a  Htill  higher  temperature  tbe  ammoDium  cfalondei 
driven  off  aiid  anhj'drous  magnesium  chloride  is  formed. 

The  term  double  salt  has  been  used  a  number  of  times  ffitbonl 
definition.  B3-  it  is  meant  a  salt  formed  by  the  chemical  ma 
of  two  salbB  and  (characterized  by  the  fact  that  its  solution 
the  properties  of  all  the  ions  of  the  component  salts. 

A  complex  salt  is  si  e  salts  in  that  it  is  formed  b; 

the  chemical  union  ot  salts,  but  differs  in  tb&t  ill 

solutions  do  not  exhi'  rties  of  tbe  ions  of  the  sslli 

from  which  it  was  fo  ead  some  of  these  propeniei 

are  found  to  have  d  d  to  have  been  replaced  It 

entirely  new  propertii 

A  typical  complex  b  im  terrocyanide,  K«Fe(NO( 

This  may  be  formed  together  potassium  cyanide, 

KNC,  and  ferrous  cyai  It, 

4KNC  +  Fe(NC„  =  K^FeCNC). 

It  might  be  expected  to  show  the  properties  of  potassium, 
ferrous,  and  cyanogen  ions,  but  it  shows  the  properties  of  poU»- 
siura  as  ion  and  of  a  new  very  stable  complex  ion  called  ferro- 
cyanogen,    Fe{NC)«  ',    and    not    the    properties   of  eitber 

ferrous  or  cyanogen  ions.  A  salt  of  such  a  complex  ion  is  railed 
a  complex  salt.  Complex  salts  and  double  salts  gradually  mer^ 
into  one  an()ther,  bo  that  the  difference  is  one  of  degree  rather 
than  kind. 

Magnesium  Sulfate.^Magnesium  sulfate,  MgSO,,  occurs  in 
nature  as  kieserite,  MgS04H!0,  epsomite,  MgSOi7HiO, 
schoenite,  MgSOt-KjSOi-SHiO,  and  in  a  number  of  other  double 
salts  in  the  Stassfurt  deposits  and  in  other  places. 

The  hepta-hydrate  or  Epsom  salts  is  an  important  compound, 
being  used  in  the  manufacture  of  potassium  sulfate  from  ihf 
chloride,  a8  a  dressing  for  cotton  goods,  and  in  medicine  a« 
purgative.  It  is  freely  soluble  in  water,  and  in  this  way  differs 
strikingly  from  the  sulfates  of  the  alkaline  earths  and  is  like  the 
sulfate  of  beryllium. 

Schoenite,  MgS04'KtS04-6HtO,  belongs  to  a  rather 
of  isomorphous  salts  which  have  the  general  fon 
miAOf6HiO,  in  which  M  stands  for  Mg,  Zn,  Cd. 
m  for  K,  Rb,  Cs,  NH4,  and  A  for  S,  Se,  or  Cr 
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Tacterized  by  the  fact  that  they  readily  lose  their  water  of 
BtallizatioD,  in  general,  without  the  decompositioD  of  the  salt 
ither  ways, 
tflagnesium  Sulfide. — Magnesium  sulfide,  MgS,  is  made  by 

direct  union  of  the  elements.  It  is  even  more  readily  hydro- 
ed  than  calcium  sulfide,  owing  to  the  weakness  of  the  hydrox- 

and  its  smaller  solubiUty.  By  boiling  the  solution,  all  the 
fur  may  be  obtained  as  hydrogen  sulfide. 
Phosphates  of  Magnesium. — Magnesium  anmionium  phos- 
ate,  MgNH^POt'SHtO,  is  the  most  important  phosphate  of 
ignesium.  Because  of  its  slight  soIubiUty  it  is  formed  whenever 
ignesium,  ammonium,  and  phosphate  ions  are  brought  tc^ther. 
le  solution  must  be  alkaline  in  order  to  have  a  sufficient  amoimt 
the  phosphate  ion  P0«  present  (see  sodium  phosphate,  p. 
0),  and  hence  the  solution  must  contain  ammonium  salts  to 
event  the  precipitation  of  Mg(OH)».  The  precipitate  is  of 
urse  soluble  in  acida,  since  phosphoric  acid  is  weak.  This 
mpound  is  analytically  the  most  important  of  the  magnesium 
Its,  since  magnesium  is  always  detected  and  determined 
rough  ita  formation.  When  magnesium  ammonium  phos- 
tate  is  heated,  it  decomposes  into  magnesium  pyrophos- 
late,  MgiPiO?,  ammonia  and  water, 

2MgNH4P04  =  MgjPiOT  +  2NH»  +  H,0 

quantitative  analysis,  magnesium  is  weighed  as  the  pyro- 
osphate. 
Uagnerium  Nitride. — Magnesium  nitride,  MgiNi,  is  formed 

the  interaction  of  magnesium  and  nitrogen  at  a  fairly  high 
Qperature.  It  reacts  with  water  to  form  ammonia  and  mag- 
sium  hydroxide,   • 

Mg,N,  +  6H,0  =  3Mg(0H),  +  2NH, 

Analytical  Reactions  of  Magnesium. — Compounds  of  mag- 
sium  do  not  c(^or  the  Bunsen  flame,  and  consequently  no 
ictnmi  is  to  be  obtained  in  this  way;  but  by  passing  electric 
irks  between  pieces  of  the  metal,  a  characteristic  spectrum 
Hf  be  seoured.  The  analytical  importance  of  the  magnesium 
I  been  diacuflsed.     The  ion  and  all 
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of   itB   compounds  which   do   not  contain   colored   anion 
colorless. 

Water   Softening.^Natural    waters   almost    invariably  i 
tain  bicarbonates,  chlorides,  sulfates,  and  occasionally  nib: 
of  calcium,  magnesium,  sodium,  potassium,  iron,  and  alumiiiini 
and  also  some  free  carbonic  acid  and  silica.     Of  course,  ttej 
sometimes    contain    other   salts   and    acids   in    addition, 
example,  free  sulfuric  acid  is  often  found  in  mine  waters  ui 
in  river  water  in  the  vicinity  of  factories  using  this  acid. 

Waters  which  contain  calcium  and  magnesium  salts  are  taU 
hard  waters  and  are  a  source  of  considerable  annoyance  id 
expense  in  the  household,  owing  to  the  fact  that  calcium  »sA 
magnesium  soaps  are  practically  insoluble,  and  that  before  i 
lather  can  be  produced,  soap  must  be  added  equivalent  to  ill 
such  salts  which  are  present.  The  calcium  and  magnesiuni  fioaps 
so  produced  form  a  dirty  disagreeable  scum  and  are  objection^ 
from  every  point  of  view.  Many  of  the  calcium  and  magnesiuni 
salts  also  cause  a  great  deal  of  trouble  and  expense  through  the 
formation  of  "scale"  in  steam  boilers,  which  not  only  increa«a 
the  cost  of  repairs,  but  also  causes  a  great  waste  of  fuel.  Magne- 
sium salts  are  somewhat  hydrolyzed,  owing  to  the  weakness  al 
magnesium  hydroxide  and  hence  are  acid  in  reaction.  Thisii 
often  the  cause  of  serious  pitting  of  boilers. 

It  is  very  desirable,  therefore,  that  the  salts  of  calcium  and 
magnesium  be  removed  from  the  waters  before  they  are  used 
for  domestic  or  boiler  purposes.  This  may  be  readily  done  at  a 
coat  far  less  than  that  of  the  soap,  repairs  and  extra  fuel,  whidi 
would  otherwise  be  required.  For  the  removal  of  the  objection- 
able salts,  advantage  is  taken  of  the  fact  that  calcium  ca^ 
bonate  and  magnesium  hydroxide  are  nearly  insoluble  in  watfl, 
and  the  treatment  is  bo  managed  that  these  salts  shall  be  pre- 
cipitated. This  is  done  by  adding  the  proper  amount  of  slaked 
lime  and  of  crude  sodium  carbonate,  or  soda  ash  as  it  is  called, 
to  the  water.  The  quantities  to  be  added  are  calculated  from 
the  analysis  of  the  mineral  content  of  the  water.  Before  tiMt- 
ment,  the  average  water  will  contain  free  carbonic  acid,  bicM- 
bonates,  sulfates,  and  chlorides  of  magnesiujn,  calcium,  and 
sodium  or  more  correctly,  it  will  contain  the  corresponding  iepfr 
After  treatment  it  will  contain  sulfate  and  chloride  of  aodnin 


THE  MAGNESIUM  SUB-GROUP  345 

and  the  slight  amount  of  calcium  carbonate  and  magnesium 
hydroxide  corresponding  to  the  solubilities  of  these  compounds, 
which  is  so  small  that  it  may  be  neglected. 

£nough  sodium  carbonate  is  added  so  that  the  total  of  the 
•odium  ion  originally  present  plus  that  added  shall  equal  in 
equivalents  the  sulfate  and  chlorine  ion  present  in  the  untreated 
water.  Calcium  hydroxide  is  added  in  sufficient  amount  to 
neutralize  any  free  acid,  to  change  all  the  hydrocarbonate  ions 
to  carbonate  and  to  precipitate  the  magnesium  as  hydroxide. 

What  promises  to  become  an  important  method  for  softening 
water  is  based  upon  the  fact  that  when  a  hard  water  is  filtered 
slowly  through  a  bed  of  artificial  zeolite,  NaAlSi04*3H20,  called 
''permutite"  the  calcium,  magnesium,  manganese,  and  iron  are 
automatically  removed  and  replaced  by  sodium  from  the  zeolite. 
The  filtering  medium  becomes  exhausted,  but  may  be  rejuve- 
nated by  treatment  with  a  strong  solution  of  sodium  chloride 
which  reverses  the  action  and  dissolves  the  calcium,  magnesium, 
etc.|  replacing  them  by  sodium. 

Zinc 

GeneraL — Starting  with  beryllium,  zinc  is  the  third  member 
of  the  magnesium  sub-group.  It  does  not  occiur  as  abundantly 
in  nature  as  magnesium,  but  is  of  far  more  importance  tech- 
nically. The  world's  annual  production  of  metallic  zinc  is 
about  880,000  tons,  of  which  the  United  States  furnishes  about 
30  per  cent.  Kansas,  Missouri,  Wisconsin  and  New  Jersey  are 
the  chief  zinc  producing  states. 

Occurrence. — ^The  principal  ores  of  zinc  are  the  sulfide,  ZnS, 
known  as  sphalerite,  blende,  rosin-jack,  or  black-jack;  the  car- 
bonate, ZnCOti  called  smithsonite,  zinc  spar  and  sometimes, 
though  improperly,  calamine;  the  silicates,  calamine,  Zn^HsSiOfi 
and  willimite,  Zn2Si04;  and  franklinite,  (FeZnMn)(Fe02)2. 

Metallurgy. — The  ores  are  first  concentrated  by  crushing  and 
washing  away  the  lighter  rock  materials  with  water  or  in  the  case 
isi  the  sulfide,  by  the  recently  devised  flotation  process  which  is 
rapidly  increasing  in  popularity.  In  the  latter  process  the  ore 
is  finely  crushed  and  thoroughly  churned  up  with  air,  oil  and 
Wltor.    The  oce  particles,  oil  (^o^  bbles  of  air  unite 
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to  form  an  aggregate  which  is  lighter  than  water  and  so  floiita 
off  as  froth  white  the  worthless  rock  sioks  to  the  bottom.  Tht 
orea  which  contain  the  silicates  or  oxides  of  zinc  merely  requiit 
drying  to  remove  the  water  before  they  are  ready  for  reduction, 
but  the  carbonati?  should  and  the  sulfide  must  be  converted  inio 
the  oxide  before  further  treatment.  The  carbonate  ehaogai 
to  the  oxide  when  heated  '  moderate  temperature,  beinj 

like  magnesium  carbonate  spect.     The  sulfide  inuBl  be 

roasted  in  the  presence  of  the  oxide  and  sulfur  dioxide 

are  formed: 


2Zn8  + 

A  part  of  the  sulfur  dioxide  s( 
acid,  and  now  furnishes 
ye». 


lO  +  2S0, 

ced  is  used  to  make  sulfuric 
K)  tons  of  this  substance  pei 


After  getting  the  zinc  in  the  form  of  anhydrous  silicste  of 
oxide,  the  next  step  is  to  reduce  with  carbon  in  a  fire-clay  retort 
furnace,  Fig.  58.     The  equation  for  the  chief  reaction  is 

ZnO  +  C  =  Zn  +  CO 

The  temperature  of  reduction  is  about  1200°,  while  the  boilinfr 
point  of  zinc  is  906°;  hence,  the  zinc  will  be  vaporized  as  rapidly 
as  formed,  and  provision  must  be  made  to  catch  and  condense  the 
vapors. 

When  the  condenser  is  cold,  that  is  below  419°,  the  mellinE' 


f  zinc,  the  metal  collects  in  the  form  of  a  fine  powder  which 
9  a  few  per  cent,  of  the  oxide,  and  is  known  as  zinc  dust; 

Fit  is  above  419",  the  zinc  collects  in  the  liquid  state  and  is 
ed  off  and  cast  into  moulds  forming  what  is  known  as  spelter. 
ider  the  best  working  conditions,  the  loss  is  great,  as  indi- 
i  by  the  bluish-green  color  of  the  flames  burning  at  the 
bhs  of  the  condensers,  and  the  great  amount  of  zinc  oxide 
la  which  are  given  off  and  lost.  An  electrolytic  process  has 
itly  been  developed  to  the  commercial  stage  in  this  country. 

ore  is  roasted  at  a  low  temperature  which  produces  ZnO 
ZnS04.  The  product  is  extracted  with  dilute  sulfuric  acid, 
the  resulting  impure  solution  of  zinc  sulfate  is  purified  and 

electrolyzed,  the  zinc  being  deposited  at  the  cathode.     It  " 
ore  than  99.99  per  cent,  pure  and  commands  a  premium  c 
unt  of  its  purity. 

tysical  Properties.— A  fresh  surface  of  pure  zinc  is  brilliantly 
e,  but  quickly  tarnishes  and  then  has  the  familiar  bluish- 
tinge.  It  melts  at  419°  and  boils  at  906".  Cast  zinc  is 
^alline  and  very  brittle,  but  when  heated  to  between  100° 
150°,  it  becomes  malleable  and  may  be  rolled  into  thin  sheets 
•awn  into  wire.     At  about  200°  it  again  becomes  brittle  and 

be  powdered  in  a  mortar.  The  density  of  the  cast  zinc  is 
It  6.93  and  of  the  rolled  7.18. 

lemical  Properties.~Zinc  belongs  to  the  more  active  of  the 
ents,  but  is  far  less  so  than  the  alkali  or  alkaline  earth 
lis.  It  is  not  affected  by  dry  air  at  ordinary  temperatures, 
uuDs  brilliantly  above  500°.  In  ordinary  air  which  contains 
kvapor  and  carbon  dioxide,  it  quickly  becomes  covered 
m  basic  carbonate  which  acts  as  a  protective  coating  and 
I  the  rest  of  the  metal  from  further  corrosion, 
le  behavior  of  zinc  toward  dilute  sulfuric  acid  is  very  peculiar 
lat  while  the  commercial  metal  dissolves  easily,  very  pure 

is  not  attacked  until  it  is  touched  by  a  piece  of  copper, 
num,  carbon,  etc.,  then  the  evolution  of  hydrogen  begins, 
m  the  copper,  etc.,  and  not  on  the  zinc.  However,  the  zinc 
is  into  solution  while  the  copper  is  unchanged.  The  explana- 
is  found  in  the  fact  that  it  is  very  difficult  for  hydrogen  as 
0  change  to  hydrogen  gas  at  the  surface  of  zinc;  so  much  so 

"  e  action  is  prevented  with  the  pure  metal.    But  if  copper 
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is  in  contact  with  the  zinc,  the  change  of  hydrogen  as  ion  toby- 
drogen  gas  takes  place  easily  on  the  copper,  and  the  posi^ff 
charges  of  the  hydrogen  ion  are  conducted  from  the  coppatt 
the  zinc  and  change  the  latter  into  the  zinc  ion. 

Sodium   or   potassium   hydroxide   will   elowly   dissolve  bk 
forming  hydrogen  and  zincate: 

21  i»ZnOt  +  H, 

Zinc  is  used  in  ;  rhich  is  63  to  70  per  cenl. 

copper  and  37  to  J  c;  in  many  other  alloj"s;  in 

electric  batteries;  am  [alvanizing  iron. 

Galvanized  Iron.-  the  sine  produced  per  yta 

goes  into  galvanized  iron  coated  with  a  layer  of 

zinc.     This  reaiata  e  weather  better  than  plain 

iron,  because  the  zin  it  and  ao  proteete  the  ina. 

The  iron  is  coated  witn  i  ways:  first,  by  dipping  verr 

clean  sheets  of  iron  into  molten  jinc;  second,  by  electrically 
depositing  zinc  upon  cathodes  of  iron  from  properly  prepared 
solutions  of  zinc  salts;  third,  by  the  process  known  as  sherard- 
izing,  which  consists  in  exposing  the  cleaned  iron  object  to  the 
vapors  of  metallic  zinc.  In  some  ways  this  last  method  has  the 
advantage,  because  the  zinc  and  iron  adhere  better  than  they 
do  by  the  other  methods. 

Zinc  Oxide  and  Hydroxide. — Zinc  oxide,  ZnO,  or  sine  white, 
is  by  far  the  most  important  manufactured  compound  of  lintj 
and  is  prepared  on  a  very  large  scale,  69,000  tons  per  yeu, 
either  directly  from  the  ores  or  from  the  metal.  In  this  coufltiy 
the  ores  are  used  exclusively  and  the  process  is  briefly  as  foUoffs- 
the  ore,  either  franklinitc  or  roasted  sulfide,  is  mixed  witt 
anthracite  coal  and  charged  into  a  furnace  upon  a  brisk  fire  of 
hard  coal  with  a  good  draft  of  air;  the  zinc  oxide  is  reduced,  the 
metal  volatilizes,  and  then  ia  reoxidized,  forming  a  very  fine  white 
powder  which  is  carried  along  with  the  flue  gases  until  well  cooled, 
and  is  thui  coUcutcd  in  cloth  baga  which  act  as  filters.  The  prod- 
uct is  used  as  a  pigment  in  paints,  in  rubber  goods,  as  a  start- 
ing point  for  the  manufacture  of  other  zinc  compounds,  and 
as  a  base  for  ointment  in  medicine.  Its  largest  single  use  is  in 
paints.  It  is  not  as  poisonous  as  white  lead,  and  does  not  blacken 
with  hydrogen  sulfide.     A  paint  containing  zinc  oxide  as  tin 
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ly  pigment  gets  very  hard  &nd  brittle,  so  it  is  unsuited  for 
berior  work;  but  a  mixture  of  white  lead  (basic  lead  carbonate) 
d  line  white  is  a  great  favorite  and  lasts  better  than  either 
sne.  Rubber  goods  consume  a  great  deal  of  zinc  oxide, 
.tomobile  tiree  alone  are  said  to  require  40,000,000  lb.  a  year. 
Zinc  oxide  is  yellow  when  hot  and  white  when  cold.  The 
lange  is  due  to  a  shift  in  the  region  of  the  absorption  of  light 
am  the  invisible  to  the  visible  part  of  the  spectrum. 
The  hydroxide  is  not  formed  by  the  combination  of  the 
dde  and  water,  but  may  be  obtained  by  adding  a  soluble 
ise  to  a  zinc  salt.  It  is  a  white  difficultly  soluble  substance 
hich  dissolves  either  In  acids  or  in  an  excess  of  sodium  or 
[itasatiun  hydroxide.  This  is  due  to  the  fact  that  zinc  hydroxide 
9t  only  yields  zinc  and  hydroxyl  as  ion,  but  also  dissociates 
>give  hydrogen  and  zincate,  ZnOi     ,  ions: 

Zn++  +  20H-  ^  Zn(OH),  *±  2H+  +  ZnOj— 
C,  Ci  Ci  Ci  c> 

This  action  is  typical  of  a  number  of  hydroxides  and  hence 
ills  for  a  rather  full  explanation.  We  have  in  these  cases  simul- 
Aeous  and  dependent  equilibria  between  the  hydroxide  and  the 
10  sets  of  ions.    The  mass  law  equations  In  this  case  are 

— ■,  =  K  and  —  =  K' 
CiCi*  c» 

an  acid  is  added,  its  hydrogen  ion  will  combine  with  the 
rdroxyl  and  thus  reduce  ci  and  hence  decrease  ct  makii^  the 
lution  unsaturated  and  causing  Zn(OH)i  to  dissolve  and  in- 
easing  c.  If  on  the  other  hand,  a  strong  base  is  added  the 
'droxyl  from  the  base  will  combine  with  the  hydrogen  ion  from 
e  zinc  hydroxide  and  hence  reduce  Ct  thus  cauamg  ci  to  de- 
ease  and  the  precipitate  to  dissolve  to  form  a  solution  containing 
icate  ion,  ZnOj    . 

Zinc  hydroxide  is  also  soluble  in  excess  of  ammonia,  due  to  the 
nnation  of  a  complex  zinc  ammonia  ion, 

Zn++  +  20H-  +  nNH,  =-  Zn(NH,)„++  +  20H- 

Zlnc  (^iloride. — Zinc  chloride,  ZnCU,  may  be  made  by  the  corn- 
nation  of  the  elements;  by  the  action  of  hydrochloric  acid 
I  zinc,  or  on  the  oxjje  or  the  carbonate.    It  is  a  white,  very 
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deliquescent  substance,  which  has  a  cauBtic  action  on  the  tisaia 
When  a  concentrated  solution  of  the  salt  is  mixed  with  ibf 
oxide,  the  whole  sets  to  a  hard  mass  of  the  oxychloride,  Zn(OH)Cl 
hence  the  mixture  is  used  ae  a  cement.  Solutions  of  the  chloridE 
have  been  successfully  employed  in  the  treatment  of  wood  lo 
prevent  decay  and  in  other  cases  as  an  aniiaeptic  and  a  deodoraiiv 

Zinc  chloride  eithe,  '  '  "  r  in  the  fused  state  has  thf 
power  of  dissolving  tne  le  metals;  so  it  ia  used  an 

flux  in  aoft  soldering  t<  mrfaces  to  be  joined  by  the 

solder. 

Zinc  Sulfate.— Zinc  si  i-7HjO,  occurs  in  a  hydralfd 

form  in  nature  to  a  si  It  is  known  commercially 

as  zinc  vitriol  or  white  vi  ay  be  prepared  by  the  actiwi 

of  sulfuric  acid  on  zinc  i  ,allic  zinc  or  by  very  careful 

roasting  of  ZnS.     It  is  a  .  t,  very  soluble  in  water.    It 

finds  conBidcrablc  use  in  meaicmt:  i  dyeing,  in  the  manufactun 
of  glue,  and  in  the  preparation  of  a  zinc  sulfide  and  barium  sul- 
fate mixt\ire  known  as  lithophone  which  has  been  used  as  a 
white  pigment,  but  is  not  durable, 

BaS  +  ZnSO,  =  BaSO,  +  ZnS 

Zinc  Carbonate. — Zinc  carbonate,  ZnCOj,  occurs  in  nature 
as  smithstmito  and  is  of  considerable  importance  as  an  ore  of 
zinc.  A  basic  carbonate  is  precipitated  upon  the  addition  of  a 
soluble  carbonate  to  a  solution  of  a  zinc  salt.  The  term  basic 
salt  is  applied  to  a  mixed  salt  containing  hydroxj'l  or  oxygen  and 
some  other  union;  frequently  the  basic  salts  are  mixtures  of  tbe 
hydroxide  or  oxide  with  the  other  salt,  but  very  often  they  we 
true  chemical  compounds. 

Zinc  Sulfide. — The  occurrence  of  zinc  sulfide,  ZnS,  in  nature 
has  already  been  discussed.  It  is  commonly  known  as  blende 
and  in  its  pure  state  is  nearly  white,  but  it  shades  to  brown  and 
even  black  depending  upon  the  impurities  it  contains.  It  may 
be  precipitated  by  the  addition  of  ammonium  sulfide  or  hydrogen 
sulfide  to  solutions  of  zinc  salts.  In  this  form,  it  is  a  fine  white 
amorphous  powder  and  is  used  as  a  pigment.  Of  the  ordinary 
heavy  metala,  zinc  is  the  only  one  that  forms  a  white  sulfide. 
It  is  soluble  in  dilute  acids,  and  hence  must  be  precipitated  from 
neutral  solutions.     If  the  prpf'"'''^'ion  is  to  be  complete,  the 
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soncentratioD  of  the  hydrogen  ion  must  be  kept  low.  Thia 
nay  be  done  by  adding  an  acetate  to  the  solution.  Moat  of  the 
lydrogen  is  withdrawn  in  this  way  from  the  solution  to  form 
indissDciated  acetic  acid.  Zinc  sulfide  ia  infusible  and  very 
lifficultly  volatile.  Its  most  important  use  is  in  the  extraction 
:>(  the  metal. 

Analytical  Properties  of  Zinc. — Analytically,  zinc  is  in  a  group 
with  manganese,  nickel  and  cobalt.  These  all  have  the  common 
property  of  being  precipitated  as  their  sulfides  by  ammonium 
sulfide,  but  not  by  hydrogen  sulfide  in  acid  solution.  Zinc  and 
manganese  sulfides  are  soluble  in  dilute  sulfuric  acid,  while 
cobalt  and  nickel  sulfide  are  practically  unaffected.  Zinc  is 
distinguished  from  manganese  by  the  fact  that  its  hydroxide  is 
soluble  in  an  excess  of  potassium  hydroxide,  while  that  of 
manganese  is  not.  From  this  alkaline  solution,  hydrogen 
sulfide  will  reprecipitate  white  zinc  sulfide.  The  color  of  the 
sulfide  is  very  characteristic,  for  it  is  the  only  common  sulfide 
of  a  heavy  metal  which  is  white.  The  facts  that  the  oxide'  is 
yellow  when  hot  and  white  when  cold,  and  that  a  green  mass  is 
formed  when  the  oxide  is  wet  with  cobalt  nitrate  solution  and 
then  strongly  heated  are  used  in  analytical  work. 

Caduidu 

Cadmium  is  an  element  which  is  very  closely  allied  to  zinc  in 
its  properties  and  is  found  in  nature  in  comparatively  small 
amounts  associated  with  this  metal.  The  boiling-point  of  cad- 
mium is  much  lower  than  that  of  zinc,  consequently  it  is  present 
quite  largely  in  the  first  portions  of  the  distillate  obtained  in 
the  preparation  of  the  latter  metal.  It  may  be  freed  from  the 
sine  by  repeated  distillations  at  as  low  a  temperature  as  possible, 
in  an  atmosphere  of  hydrogen  to  prevent  its  oxidation.  This 
product  may  be  further  purified  by  electrolysis,  a  solution  of 
CdBOi  being  used  as  the  electrolyte. 

The  element  thus  obtained  is  a  bluish-white  soft  metal  of  a 
crystalline  structure,  density  8.64,  melting  at  321°  and  boiling 
at  766°.  The  molecular  weight  as  determined  from  the  vapor 
density  is  very  nearly  112.4,  the  number  which  represents  the 
at<niiic  weight,  consenuently  the  f  'd. 
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and  in  the  extraction  of  gold  and  silver  from  their  ores,  since  it 
readily  forms  amalgams  with  these  metals.  Amalgams,  as  tk 
alloys  of  mercury  are  called,  are  formed  by  nearly  all  of  tk 
metals.  Iron  and  platinum  are  generally  exceptions,  but  even 
these  may  be  amalgamated  under  special  conditions. 

Pure  mercury  does  not  wet  glass  but  runs  around  on  it  in  clean 
round  drops.  When  it  contains  even  a  small  quantity  of  foreiga 
metal  it  becomes  cove:  of  oxide  and  then  when  it 

runs  on  glass,  it  string?  '  tail.     This  is  a  fairly  sensir 

tive  test  for  impuritief 

It  is  interesting  to  n  -y  is  the  only  metal  which 

is  liquid  at  ordinary  *'  ilthough  cesium  melts  at 

temperatures  which  an  during  the  summer- 

Chemical  Properties.-  i  not  oxidize  upon  exposure 

to  the  air  at  ordinary  )Ut  does  so  very  slowly  at 

about  300°,  forming  This  fact  was  of  great 

importance  in  the  developmeni.  .  he  present  conception  of 
combustion.     (See  p.  16.) 

Mercury  combines  readily  with  sulfur  and  the  halogens.  It 
is  not  attacked  by  dilute  hydrochloric  or  sulfuric  acida,  since  the 
hydrogen  as  ion  from  these  is  not  a  strong  enough  oxidizing 
agent  to  oxidize  the  mercury  to  ion.  It  is  dissolved  by  nitric 
acid  or  by  hot  sulfuric  acid  with  the  reduction  of  a  part  of  the 
acids,  and  the  evolution  of  nitric  oxide  or  sulfur  dioxide  instead 
of  hydrogen. 

The  compounds  of  mercury  which  are  soluble  enough  to  be 
absorbed  by  the  human  system  are  decidedly  poisonous,  but 
mercury  in  large  drops  is  not.  If,  however,  the  mercury 
is  very  finely  divided  as  it  is  in  "blue  mass"  or  in  the  form  of 
vapor  it  exhibits  its  poisonous  action.  Mercury  compounds 
are  extremely  poisonous  toward  bacteria  and  enough  of  the  metal 
dissolves  in  pure  water  to  kill  these  organisms  in  a  short  time. 
Mercury  forms  two  series  of  compounds.  In  the  one,  it  ia  diva- 
lent; and  in  the  other  it  is  at  least  apparently  monovalent.  The 
monovalent  compounds  are  called  mercurous  and  the  divalent 
mercuric  salts,  and  it  is  through  the  latter  that  the  element 
establishes  its  connection  with  the  magnesium  group,  lie 
mercurous  compounds  will  be  discussed  first. 
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Mercurous  Compounds 

^ercurous  Oxide. — Mercurous  oxide,  HgsO,  is  a  blackish- 
^n  substance  which  is  formed  by  the  action  of  an  excess  of 
Um  or  potassiiun  hydroxide  upon  a  mercurous  salt.  It  is  not 
ble  in  water  and  is  very  unstable,  breaking  down  under  the 
:>n  of  light  or  moderately  high  temperature  into  mercury  and 
suric  oxide.  Mercurous  hydroxide  is  unknown. 
[ercurous  Chloride. — Mercurous  chloride  or  calomel,  HgCI  or 
Cl»,  is  the  most  important  mercurous  salt.  It  is  very  diflS- 
ly  soluble  in  water  and  may  be  precipitated  by  adding  a 
ilion  containing  chlorine  ions  to  a  solution  of  mercurous 
ate.  It  is  usually  prepared  by  subliming  a  mixture  of 
curie  chloride,  HgCla,  and  mercury, 

HgCU  +  Hg  =  2HgCl 

lercurous  chloride  or  calomel  is  largely  used  in  medicine 
ause  it  stimulates  the  liver  and  other  organs  producing  the 
'etions.  The  vapor  pressure  of  mercurous  chloride  reaches 
!  atmosphere  below  the  melting-point,  and  therefore  the 
stance  sublimes.  Unless  very  pure,  it  should  be  protected 
m  light  which  decomposes  the  ordinary  salt,  forming  mercury 
i  mercuric  chloride  which  is  very  poisonous. 
Ilercurous  Bromide. — Mercurons  bromide,  HgBr,  is  precipi- 
ed,  as  a  white  powder,  by  adding  a  bromide  to  mercurous 
rate. 

Mercurous  Iodide. — Mercurous  iodide,  Hgl,  may  be  formed 
ectly  from  the  elements  or  by  precipitation  from  mercurous 
rate  by  an  iodide.  It  is  unstable  and  changes  into  mercury 
I  mercuric  iodide.  The  change  takes  place  easily  in  the 
sence  of  an  excess  of  KI,  since  the  latter  dissolves  the  mercuric 
ide  formed. 

tfercurous  Nitrate. — Mercurous  nitrate,  HgNOj'HjO,  is  the 
st  important  soluble  mercurous  salt.  It  is  made  by  acting 
m  an  excess  of  mercury  with  cold  dilute  nitric  acid.  It 
Irolyzes,  forming  a  basic  nitrate,  Hg2(OH)N08,  which  is  but 
htly  soluble.  Hence  a  clear  solution  of  the  salt  must  contain 
ric  acid.  Some  metallic  mercury  should  be  kept  in  the  solu- 
I  to  reduce  any  ^^r^^^fic  io^  which  might  form. 
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Hg  +  Hg-^^ 

Hercurous  Sulfate. — Mcrcurous  sulfate,  HgjSO*,  may  be  ^ 
pared  by  the  action  of  hot -concentrated  sulfuric  acid  upon  I 
excefle  of  mprcury,  or  by  adding  the  dilute  acid  to  a  mercaroi 
nitrate  aohition.  It  may  also  be  obtained  by  the  clectrolji 
of  dUutp  sulfuric  acid  using  mercury  as  anode.  It  is  white  ii 
but  slightly  B'  ut  more  so  than  the  ehlotiii 

It  is  used  in  the  andard  cells  for  the  conipaxis 

of  electromotive 

Mercurous  Si  la  sulfide,  HgiS,  is  very  unstil 

and  can  exist  c  urea  below  —10";  at  ordinj 

temperatures  it  mercuric  sulfide  and  mercun 


'OHPODNDS 

Mercuric  Oxide. — Niercunt  .  side  or  red  precipitate,  H| 
is  usually  prepared  byhcating  an  intimate  mixture  of  mem 
nitrate  and  mercury  until  no  more  red  fumes  of  nitrogen  perox 
are  given  oft. 

Hg(NO0.  +  Hg  =  2HgO  +  2N0, 
When  a  solution  of  potassium  or  sodium  hydroxide  is  adi 
to  a  mercuric  salt,  a  yellow  precipitate  of  very  finely  divii 
mercuric   oxide   is    formed.     This    precipitate  is    more   act 
chemically  and  therapeutically  than  the  coarser  red  oxide. 

When  mercuric  oxide  is  heated  it  darkens,  becoming  aim 
black,  and  at  a  red  heat  it  is  decomposed  into  the  elements. 
will  be  recalled,  it  was  through  this  reaction  that  Priestly  < 
covered  oxygen.  Mercuric  oxide  is  very  poisonous,  but  is  u 
in  medicine. 

Mercuric  hydroxide  is  so  unstable  that  it  hae  not  yet  b 
prepared.  The  mercuric  salts  of  the  oxy-acids  are  hig 
hydrolyzed,  so  it  must  be  a  very  weak  base- 
Mercuric  Chloride. — Mercuric  chloride  or  corrosive  sublinu 
HgCl],  may  be  made  by  the  direct  combination  of  the  eleme 
at  a  t^lightly  elevated  temperature.  The  combination  takes  pi 
with  a  peculiar  green  flame. 

The  salt  is  usually  obtained  as  a  crystalline  sublimate 
heating  a  mixture  of  mercuric  sulfate,  common  salt,  and  a  li' 


THE  MAGNESIUM  SUB-GROUP  357 

iganese  dioxide,  the  latter  being  added  to  oxidize  any  mer- 
»UB  sulfate  which  may  be  present. 

>  is  much  more  soluble  in  hot  water  than  in  cold.  It  is  soluble 
Jcohol  and  ether  and  a  number  of  other  organic  solvents, 
aqueous  solution  is  slightly  acid,  indicating  some  hydrolysis, 

no  basic  salt  is  deposited  as  is  the  case  with  mercuric  nitrate 
sulfate.  The  explanation  for  this  is  furnished  in  the  fact 
t  as  indicated  by  the  electrical  conductivity,  the  halogen 
ipounds  of  mercury  are  but  slightly  ionized,  while  the  sulfate 
nitrate  and  the  salts  of  other  oxyacida  are  strongly  disso- 
ed.  The  inevitable  results  of  this  would  be  that  the  mercuric 
B  of  the  oxyacids  would  hydrolyze  further  than  the  halides. 
^his  connection  it  will  be  recalled  that  the  halogen  compounds 
cadmium  were  less  dissociated  than  the  salts  of  the  oxyacids. 
dercury  compounds  are  highly  poisonous  to  all  forms  of  life, 
I  mercuric  chloride  is  much  used  as  an  antiseptic.  For  this 
pose  it  is  often  put  up  in  tablets  with  sodium  chloride  which 
kes  it  dissolve  more  rapidly.  It  is  used  in  medicine  both 
imally  and  externally,  but  because  of  its  highly  poisonous 
ure  must  be  used  very  cautiously.  Its  antidote  is  white  of 
;,  with  which  it  forms  a  difficultly  soluble  compound.  This 
luld  be  removed  by  a  stomach  pump  and  magnesium  sulfide 
ninistered  to  precipitate  the  last  traces  of  mercury. 
Mercuric  Bromide  and  Iodide. — Mercuric  bromide,  HgBri,  ia 
ich  like  the  chloride,  but  ia  less  soblule  in  water;  it  is  also  less 
sociated  than  the  chloride.  Mercuric  iodide,  Hglj,  is  but 
^tly  soluble  in  water  and  is  formed  as  a  yellow  precipitate 
dch  rapidly  becomes  scarlet  when  a  solution  of  an  iodide  is 
Jed  to  a  solution  of  a  mercuric  salt.  It  dissolves  freely  in 
ation  of  potassium  iodide  forming  a  colorless  very  soluble 
Qplex  salt,  KtHgli,  which  fails  to  give  most  of  the  reactions 
mercury;  for  example,  potassium  hydroxide  does  not  pre- 
itate  mercuric  oxide.  After  the  addition  of  potassium  hy- 
izide,  the  solution  is  called  Nessler  reagent,  and  is  very 
utive  toward  ammonia  which  gives  a  yellow  precipitate  hav- 

the  formula  Hg,NI  HiO. 

Mercuric  iodide  exists  in  the  two  forms;  the  scarlet,  stable 
m  ordinary  temperatures  to  126°,  and  the  yellow,  stable 
)ve  this  temperature  up  t--  "'         'ting-point,  253°. 
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Mercuric  iodide  and  ita  complex  potassium  salt  are  1 
medicine. 

Mercuric  Nitrate. — Mercuric  nitrate,  Hg(N03)»,  is  prepa 
dissolving  the  metal  in  hot  nitric  acid,  and  boiling  until  a  i 
of  the  solution  does  not  yield  a  precipitate  of  mercurous  cl 
upon  the  addition  of  a  chloride.  It  forms  colorless  ver 
queacent  crysi  composition  Hg(NO»)j  HiO, 

soluble  in  wat<:i.  bydrolyzed,  precipitating  a 

basic  salt. 

Mercuric  Sulfate.  ercury  is  heated  with  concei 

sulfuric  acid,  men  UgSO*,  water,  and  sulfur  i 

are  formed.     The  fate  ho  obtained  is  a  white  c 

line  salt  which  is  ei  ^  in  water  containing  sulfur 

but  hydrolyzes  ia  ir  forming    a    yellow    basi' 

Hg,CSO.)0». 

Mercuric  Sulfide.— The  most  stable  compound  of  k 
is  the  sulfide,  HgS.  This  exists  in  the  two  forms,  black 
phous  and  red  crystalUne.  The  latter  occurs  in  nature 
nabar  and  is  the  most  important  ore  of  mercury.  As  isti 
eft'al  rule,  the  amorphous  form  is  the  less  stable  and  th< 
soluble  of  the  two,  but  both  are  exceedingly  slightly  . 
substances.  The  black  form  is  precipitated  whenever  hy 
Bul&de  or  a  soluble  sulfide  acts  upon  a  mercuric  salt.  It  L 
what  soluble  in  sodium  and  potassium  sulfide  forming  in  t 
of  the  sodium  sulfide  a  white  crystalline  salt,  NajigS 
From  this  solution  the  less  soluble  red  crystalline  form  isgn 
deposited.  The  red  crystalline  modification  may  also 
tained  by  subliming  the  black.  The  artificial  red  sul 
called  vermilion  and  is  used  as  a  pigment. 

Both  forms  of  mercuric  sulfide  are  very  stable  and  a 
attacked  by  hydrochloric  acid  or  by  dilute  nitric  acid 
coid.  The  compound  is  dissolved  by  aqua  regia,  the  sul 
being  liberated  as  free  sulfur  or  oxidized  to  the  sulfate, 
curie  sulfide  is  the  most  stable  sulfide  of  the  metals  and 
utilized  in  the  analytical  separation  and  identificatioo 
metal. 

Mercuric  Cyanide. — Mercuric  cyanide,  Hg(NC)»,  ™» 
the  halogen  compounds  of  mercury  in  many  ways. 
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soluble  than  the  halides,  but  is  even  less  dissociated  than  these, 
and  its  solution  is  a  very  poor  conductor  of  electricity. 

When  heated,  mercuric  cyanide  decomposes  into  mercury  and 
cyanogen,  CiNi, 

Hg(NC),  =  Hg  +  C,N, 

and  this  furnishes  a  very  convenient  method  for  the  preparation 
of  cyan(^n. 

Mercury  Fulminate. — When  mercury  is  dissolved  in  hot 
nitric  acid  and  alcohol  added  to  the  still  hot  solution,  a  white 
precipitate  of  mercury  fulminate,  Hg(ONC)t,  is  soon  formed. 
This,  when  dry,  explodes  upon  being  struck,  and  is  used  in 
percussion  caps  and  in  the  caps  for  exploding  guncotton  and 
dynamite. 

Complex  Compounds  of  Mercury. — Mercury  forms  a  very  large 
number  of  complex  compoundB  far  too  lai^e  for  them  all  to  be 
considered  in  detail  or  even  mentioned  in  a  book  of  this  kind. 
The  nitrogen  compounds,  however,  demand  a  little  attention. 

Mercuric  Ammonia. — ^The  mercuric  salts  react  with  ammonia 
to  form  compounds  which  may  be  grouped  into  three  classes: 
first,  those  with  ammonia  of  crystallization  similar  to  salts  with 
water  of  crystallization;  second,  ammono  basic  salts  analogous 
to  ordinary  basic  salts  with  NHi  in  place  of  OH  or  either  NH  or  N 
in  place  of  0;  third,  mixed  aquo  ammono  basic  salts  contaimi^ 
both  OH  or  0  and  NHi  or  N. 

The  first  class  with  ammonia  of  crystallization  may  be  pre- 
pared by  the  action  of  ammonia  in  the  gaseous  or  liquid  state 
upon  mercuric  salts,  or  by  tbe  action  of  aqueous  ammonia  upon 
these  salts  in  the  presence  of  ammonium  salts.  As  examples  of 
these  compounds  the  following  may  be  given:  HgClt-2NH« 
[fusible  white  precipitate],  HgClil2NHi. 

The  second  class,  anmiono  basic  mercuric  salts,  may  be  formed 
by  the  action  of  aqueous  ammonia  upon  mercuric  salts  in  the 
absence  of  ammonium  salts.  Examples  of  these  salts  are 
HgNHiCI  [infusible  precipitate],  and  Hg(NHi)NOi. 

The  third  class,  the  mixed  aquo  ammono  basic  salts,  are 
ftmned  under  conditions  which  are  more  favorable  to  hydrolysis 
than   those   for  tiu   t-^n   nreceding    claBW  X)und 

H»(OH}  CNI^  1  an  ezampl 
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Analytical  Reactions  of  Mercury. — Both  (he  mortnirous  and 
mercuric  ionfl  are  colorlefls,  and  tlie  former  is  distinguished  fna 
all  others  by  the  fact  that  it  will  form  a  slightly  soluble  while 
precipitate  of  mcrcuroua  chloride  with  the  chlorine  ion  which 
precipitate  turns  black  when  treated  with  ammonium  hydrwddf. 

Botli  the  mercuric  and  mercuroua  ions  give  mercuric  sulfide 
with   hydrogen    s\  ution.     This   precipitate  it 

insoluble  in  hot  dilut  it  is  dissolved  by  aqua  ref^ 

Mercuric  salts  are  r  nous  chloride  to  mercuroiH 

salts  or  even  metall  en  in  thcfollowingequations, 


and 


2HgC. 
HgC 


IgCl  +  SnCI« 
Ig  +  SnCl, 


When  metallic  copper  it  I  into  a  solution  of  a  mercury 

salt  the  copper  is  oxidized  to  copjj  as  ion  and  the  mercury  ion 
ia  reduced  to  metallic  mercury  which  forms  a  bright  mirror-iikf 
coat  on  the  remaining  copper. 

When  the  mercury  salts  are  heated  with  lime  or  sodium 
carbonate,  Ihcy  give  metallic  mercury. 

General  Relations  of  the  Group.- — As  is  evident  from  the 
diacusaion  given  above,  the  members  of  the  magnesium  group 
do  not  form  aa  close  a  family  as  do  the  members  of  the  alkali  and 
alkaline  earth  nietala,  but  still  there  are  some  general  relationahips 
throughout  the  group.  The  increasing  stabiUty  of  the  sulfides 
with  increasing  atooiic  weight  is  noticeable.  Beryllium  and 
m^nesium  sulfides  are  not  formed  in  the  presence  of  water  even, 
while  zinc  sulfide  is  stable  toward  weak  acids,  but  is  not  stalil)* 
in  contact  with  any  but  very  dilute  solutions  of  the  strong  acids. 
Cadmium  sulfide  ia  stable  in  the  presence  of  dilute  solutions 
of  the  strong  acids,  hut  is  dissolved  by  concentrate  soIutiooE 
of  them  and  by  hot  dilute  solutions,  while  mercuric  sulfide  is 
stable  even  against  boiling  dilute  nitric  acid  and  is  scarcely 
attacked  by  this  acid  in  the  concentrated  state. 

Beginning  with  zinc,  the  halogen  compounds  show  a  regular 
decrcast*  in  their  degree  of  dissociation  with  increasing  atomic 
weight  both  of  the  halogen  and  of  the  metal.  The  melting-  and 
boiling-points  of  the  members  of  the  sub-group  become  lower  ai 
the  atomic  weights  increase. 


CHAPTER  XXIV 

COPPER,  SILVER  Ain>  GOLD 

.eral. — Copper,  silver,  and  gold  occupy  the  lower  part 
right-band  column  of  Group  I  of  the  periodic  system, 
their  position,  they  should  bear  some  resemblance  to  the 
metals,  but  from  what  has  been  learned  concerning  the 
ns  between  the  members  of  the  alkaline  earth  metals  and 
■slum  sub-group  it  is  evident  that  the  resemblance  need  not 
ie.  As  a  matter  of  fact  the  divergence  is  so  great  that  it  is 
ary  to  search  for  points  of  resemblance.  Perhaps  the 
itriking  point  of  similarity  is  that  copper,  silver  and  gold 
orms  a  series  of  compounds  in  which  it  is  monovalent.  In 
sn  copper  forma  another  series  in  which  it  is  divalent  and 
ne  in  which  it  is  trivalent.  The  following  table  will  give 
ance  a  comparison  of  the  more  prominent  properties  of  the 
lb-groups : 


The  AlkaU  Metals 

The  Copper  Family 

□sity  0.59-2.4. 

High  density  8.94-19.4. 

!tive  chemically. 

Decidedly  inactive. 

Kcur  free. 

Often  found  free. 

Q  compouDds  are  Boluble. 

Nearly  all  of  the  halogn  compounds 

of  the  monovalent  series  are  but 

slightly  soluble. 

bases. 

Weak  baaes,  except  silver. 

form  complex  ions. 

Form  many  complex  ions. 

Copper 

toiy. — Copper  has  been  known  from  prehistoric  times  and 
t  ia  found  free  in  nature  in  abundance,  it  was  probably  the 
letal  to  be  put  to  practical  use  by  man.  Before  the  ex- 
s  UBC  of  iron,  tools  were  made  of  bronze,  an  alloy  of  copper 

Q. 

uiience. — Copp^f  occurs  in  nature  both  free  and  in  com- 
>n.    The  oativ-  copp^**  '^  sufficiently  abundant  so  that  it 
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constitutes  a  very  important  ore  as  may  be  judged  from  thf  fi 
that  the  region  in  Michigan  near  Lake  Superior  produt'*«  Um 
the  native  metal  about  one-sixth  of  the  copper  mined  in  fii 
country  per  year.  The  compounds  which  are  used  as  ores  m 
be  divided  into  two  claBses:  the  oxidized  ores  and  the  sulfide  on 
The  oxidized  ores  include  cuprous  oxide,  Cu.O,  which  is  c; 
cuprite  or  red  oxi "  '         ' '   ,  CuO,  called  melscoDiu 

black  oxide;  and  t  irbonates,  malachite, CuCOi| 

Cu(OH),,    and    a;  :;u(OH),.     The    sulfide 

cuprous    sulfide,    CurS, 
e  and  the  double  sulfides 
id  iron  known  as  chalcop 
'eSi,  and   bornite,  CuiFeSi.] 
do  orea  are  the  moat  impor-l 
luse  from  them  this  coiintiyl 
about  two-thirds  of  its  oat- 
pui.  ,        vear.     The  total  production 
in  1915  was  nearly  1,425,000,000  lb. 
Metallurgy. — The  method  adopted 
~  for  the  extraction  of  copper  from  lU 
ores  naturally  depends  upon  the  suth 
stances    present.      If    the    copper  is 
native,  ail  that  ia  necessary  is  to  crush 
the  rock  and  concentrate  the  coppa 
by  mechanical  processes  followed  by 
melting   in  large   reverberatorj'  fur- 
naces to  separate  the  copper  from  the 
remaining  gangue.     If   the  ore  is  » 
p,Q  59  sulfide  it  is  crushed  and  concentrattd 

by  washing  and  flotation  as  described 
under  zinc.  The  latter  process  is  so  effective  that  from  an  ore 
running  as  low  as  2  per  cent,  copper  90  to  96  per  cent,  of  the 
metal  can  be  obtained  in  the  concentrate. 

The  first  step  involved  iu  the  actual  smelting  of  the  ore  is  the 
formation  of  a  concentrated  mixture  of  copper  and  iron  sulfide 
known  as  copper  matte.  This  is  done  by  melting  a  properl; 
proportioned  mixture  of  the  concentrated  ore  and  limestoni 
either  in  a  reverberatory  furnace,  if  the  ore  is  in  fine  particles,  o 
in  a  copper  blast  furnace  if  it  is  coarse.     In  either  t}  fumacE 
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part  of  the  iron  sulfide  is  oxidized  to  sulfur  dioxide  and  iron 
oxide  and  the  latter  together  with  lime  from  the  limestone  and 
aitica  from  the  ore  forms  easily  fusible  silicates  or  slags,  the  re- 
maining iron  sulfide  and  the  copper  sulfide  melt  together  forming 
the  matte  and  when  the  charge  is  withdrawn  from  the  furnace, 
the  matte  goes  to  the  bottom  of  the  receiving  vessel  and  is  easily 
separated  from  the  slt^.  In  the  reverberatory  furnace,  the  ore 
and  limestone  are  spread  on  the  horizontal  bed  of  the  furnace  and 
exposed  to  the  action  of  the  fiame  produced  by  blowing  powdered 
coal  into  the  furnace  with  a  blast  of  air;  while  in  the  copper 
blast  furnace  the  ore  and  flux  together  with  coke  for  fuel  is  charged 


into  the  top  of  the  long  narrow  vertical  furnace  (Fig.  59)  into 
which  air  is  blown  at  the  bottom.  The  tempwrature  reached  is 
high  and  the  molten  slag  and  matte  are  drawn  off  at  the  bottom. 
The  matte  from  either  tyjw  of  furnace  is  next  treated  in  a  copper 
converter  (Fig.  60),  which  is  a  large,  approximately  barrel- 
shaped  vessel  resting  on  a  rotating  mechanism.  The  con- 
verter has  a  thick  Uning  of  magnesia,  MgO.  Air  at  a  high 
pressure  is  blown  into  the  converter  from  several  blast  pipes 
GO  the  side. 

The  large  supply  of  air,  oxidizes  ihe  ferrous  sulfide  in  the 
matte  to  iron  oxide  and  sulfur  dioxide,  thus  Uberating  heat  which 
Bervee  to  keep  the  mass  fluid. 
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2FeS  +  30j  =  2FeO  +  280,, 


The  Bulfur  dioxide  escapes  aa  gas,  while  the  feiroua  ordie 
combines  with  silica  which  ia  added  along  with  the  matte  lu 
fonn  ferrous  silicate  slag, 


FeO  +  SiO,  =  FeSiO, 


Some  ciiproim  sulf 
reacts  at  once  with  i 


2Cu,. 
Cu 


t  the  cuprous  oxide  formi.'J 
ning  cuprous  sulfide, 

,0  +  2S0, 
3  +  FeO 

le  slag  is  poured  off  and  tbc 
The  cuprous  sulfide  is  now 
uprous  oxide.  This  k&cU 
forming  sulfur  dioxide  aod 


After  the  iron  has  be 
second  period  of  b 
oxidized  to  some  ( 
with  the  remaining  ,.. 
metallic  copper 

Cu.S  +  2Cu,0  =  6Cu  +  SO, 

At  the  completion  of  this  operation   metallic  copper  remaiiw 
and  this  is  poured  Into  molds.     It  is  known  as  blister  copper  and 


L 


s 


J 


I  practically  all  of  the  nickel,  gold,  silver,  and  platinum 
that  v/fre  in  the  original  ore.  It  also  contains  some  other  un- 
puritiefi  and  is  not  fit  to  be  used  for  most  commercial  pur]>OMS' 
Further  purification  is  best  obtained  by  means  of  electrolysis. 

Electrolytic  Refining. — For  this  process,  the  crude  blisl" 
copper  is  cast  into  large  plates  which  are  used  as  anodes  in  eW- 
trolytic  cells  (Fig.  61)  where  the  cathodes  are  thin  plates  of  pure 
copper,  and  the  elcclrolyte  is  an  acidified  solution  of  coppe' 


f 
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On  passing  a  suitable  current  through  the  cells, 
is  dissolved  from  the  impure  anodes  and  deposited 
ly  pure  condition  on  the  cathodes.  The  impurities  in 
>de  are  either  dissolved  and  held  in  solution  in  the  elec- 
or  remain  undissolved  and  fall  to  the  bottom  of  the  cell, 
ilver  and  platinum  are  thus  precipitated  and  are  recovered 
iequently  melting  up  the  shmes  or  mud  from  the  bottom 
;ell8.  The  electrolytic  copper  so  obtained  is  nearly  pure, 
ilted  again,  stirred  with  wooden  poles  to  remove  oxide  and 
at  into  bars  for  the  market. 

ical  Properties  of  Copier. — Copper  is  red  by  reflected 
id  is  one  of  the  very  few  colored  metals.  When  a  very 
yer  of  copper  is  viewed  by  transmitted  light  it  is  bluish- 

The  density  of  the  metal  is  8.94  and  it  melts  at  1,083° 
ils  at  2,310°.  The  metal  is  a  very  good  conductor  of  heat 
y  silver  exceeds  it  in  conductivity  for  electricity.  A  large 
.ion  of  the  copper  which  is  put  upon  the  market  is  used  for  I 

al  conductors.  For  this  purpose  it  must  be  extremely 
It  is  highly  malleable,  ductile  and  tenacious,  so  it  may 
d  or  hammered  into  thin  sheets  or  drawn  into  fine  wire.  [i'*J,j 

oical  Properties.- — Copper  is  not  oxidized  in  perfectly  dry  ''■ '  .^ 

in  ordinary  air  it  soon  becomes  coated  with  an  adherent  ' 

cuprous  oxide  and  finally,  especially  if  exposed  to  the 
r,  with  a  basic  carbonate.  The  underlying  metal  is 
jhly  protected  by  these  films  and  is  very  durable.     On  K 

;ount,  it  is  used  for  the  roofs  of  important  buUdings  and  j^r* 

eathing  for  ships.     At  somewhat  elevated  temperatures 

combines  directly   with   oxygen,   chlorine,   and   sulfur. 

not  act  on  water  at  any  temperature  and  is  not  dissolved 

Is  with  evolution  of  hydrogen.     This  is  connected  with 

t  that  the  cupric  ion  is  a  stronger  oxidizing  agent  than 

Irogcn  ion.     Such  acids  as  contain  elements  in  a  condition  iifp  J,- 

makes  them  stronger  oxidizing  agents  than  hydrogen  as  ''''■i}'' 

trie  or  hot  concentrated  sulfuric  acid  for  example,  will  ;^S' 

;  copper  but  with  the  reduction  of  the  acid  and  not  the  ••■'•S- 

an  of  hydrogen.    On  the  other  hand,  when  in  contact  , :.'    t' 

e  air,  acids  like  hydrorhloric  and  even  acetic  dissolve  the  ■  '■, : . 

The  oxygen  of  the  air  is  the  oxidizing  agent  in  this  case.  '^'  \ 

atomic  weight  of  copper  is  63.57.  "  .l 
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Alloys. — Copper  forms  many  varied  and  useful  alloya  wiA 
the  other  elements.  With  zinc  it  forms  brass,  30  to  37  per  cent. 
sine,  and  tombac  2  to  IS  per  cent,  zinc,  and  with  zinc  and  iron, 
an  alloy  which  is  malleable  when  hot.  Bronae  contains  eswn- 
tially  copper  and  tin,  although  other  metals  are  often  added, 
especially  zinc.  Gun  metal  contains  10  per  cent,  tin  and  bell 
metal  from  17  to  20  per  cent.  tin.  Speculum  metal  is  one-third 
tin  and  contains  a.  little  arsenic.  It  takes  a  vety  liigh  polish. 
Phosphor  bronze  contains  tin  and  a  little  phoBphoras.  Alu- 
minum bronze  has  from  3  to  10  per  cent,  of  aluminum.  Tiat 
with  the  higher  percenter  of  aluminum  haa  about  the  color  of 
gold,  ia  easily  cast,  takes  a  high  poliah  and  is  nearly  as  strong  u 
cast  steel.  Manganese  bronze  has  a  content  of  about  30  per 
cent,  manganese.  Silicon  bronte  contains  up  to  fi  per  oeni 
silicon.  It  is  sometimes  used  for  exposed  electric  wires  eince 
its  tenacity  is  greater  than  that  of  copper  although  its  conduc- 
tivity is  smaller.  German  silver  is  an  alloy  of  copper,  nickel  and 
zinc  and  usually  contains  about  22  per  cent,  each  of  zinc  and 
nickel. 

Cuprous  Compounds. — The  cuprous  or  monovalent  compounds 
are  formed  as  the  first  step  in  the  oxidation  of  the  element  or 
in  the  reduction  of  th^  iiup^c,  or  divalent  compounds.  In 
some  ways  many  of  them^kM^ore  stable  than  the  cupric  com- 
pounds, and  are  formecPfrarAf^he  latter  by  spontaneous  decom- 
position; but  in  genei^aF  t&e%m^  relatively  unstable  and  are 
transformed  by  oxidizing,  ag^ts  into  the  cupric  compounds. 
The  principal  cuprous  compounds  are  CujO,  CuCl,  CuBr,  Cul, 
CuNC,  and  CuiS.  Some  of  the  cuprous  oxyactd  salts  can  be 
obtained  in  solution,  but  they  soon  decompose  in  such  a  manner 
that  half  the  cuprous  is  reduced  to  metallic  copper  while  the 
other  half  is  oxidized  to  cupric.  The  cuprous  ion  Cu+  seems  to 
be  incapable  of  existing  in  any  appreciable  concentration  for 
all  the  soluble  stable  salts  are  those  of  complex  ions. 

When  a  given  quantity  of  electricity  is  passed  through  a 
cuprous  salt,  just  twice  as  much  copper  is  deposited  aa  when 
the  same  quantity  is  passed  through  a  cupric  solution.  This 
of  course,  would  follow  from  the  relation  between  their  valencies. 

Cuprous  Oxide. — Cuprous  oxide  occurs  in  nature  and  is 
known  as  cuprite  or  red  oxide  of  copper.    It  may  Ik  prepared 
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"Uie  direct  union  of  the  elements,  or  by  the  reduction  of  an 
ftline  solution  of  a  cupric  salt  with  glucoee.  It  has  a  red 
kr  and  is  not  soluble  in  water.  It  dissolves  in  hydrochloric 
l  forming  the  compound,  HCuCU  which  gives  the  complex 

<7uCIi~;  and  in  ammonium  hydroxide  owing  to  the  formation 
ilie  complex  ion  Cu(NHi)i+.  Both  of  these  ions  are  colorless. 
E>rouB  hydroxide  is  not  stable. 

^iqirous  Chloride. — Cuprous  chloride,  CuCl,  is  one  of  the  most 
^ortant  of  the  cuprous  salts.  It  is  most  readily  prepared  by 
King  hydrochloric  acid  to  a  solution  of  cupric  chloride,  CuClt, 
I  boiling  for  some  time  with  finely  divided  copper  out  of 
ktact  with  air.  The  equation  for  the  reaction  is : 
CuCl,  +  Cu  +  2HC1  =.  2HCuCl, 
aen  the  solution  is  poured  into  water,  the  compound  HCuCli 
jaks  up, 

HCuCl,?=tHCl  +  CuCl 
g)rou8  chloride  is  white  and  is  but  sUghtly  soluble  in  water. 

is  dissolved  by  concentrated  hydrochloric  acid  and  soluble 
lorides  in  general  through  the  formation  of  the  complex  ions 
iClj"  or  CuClj  .  These  solutions  are  colorless  when  pure, 
it  quickly  become  colored  when  exposed  to  the  air,  owing  to 
e  oxidation  to  cupric  compounds.  Cuprous  chloride  is  also 
Inble  in  ammonium  hydroxide  solutions  owing  to  the  forma- 
flD  of  the  coloriess  ion  Cu(NHt)]'^.  The  solution,  however, 
fiekly  turns  blue  upon  exposure  to  the  air  because  of  oxidation 
I  the  highly  colored  cupric  ammonia  ion. 

Both  the  ammoniacal  and  hydrochloric  acid  solutions  of 
tvous  chloride  have  the  property  of  absorbing  carbon  monoxide 
rough  the  formation  of  an  unstable  compound.    Advantage  is 
ten  of  this  in  gas  analysis. 
^ttprotu  Bromide. — Cuprous  bromide,  CuBr,  is  very  similar 

the  chloride.  It  may  be  prepared  by  simply  heating  the 
tkydroiu  cupric  bromide  out  of  contact  with  the  air  when  it 
aomposea  into  bromine  and  the  cuprous  salt.  The  chloride 
iws  a  tendency  in  the  same  direction  but  the  decomposition 
incomplete. 

Ci^ioaa  Iodide. — Cupijc  iodide  is  so  unstable  that  it  decom- 
vn  at  ordinaiy  temperatures  even  when  in  solution ;  so  when 
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a  soluble  iodide  is  added  to  &  solution  of  a  cupric  salt,  0^ 
iodide  is  at  once  precipitated  and  iodine  liberated, 

2Cu  +  +  +  4ri^2CuI  +  I, 

The  cuprous  iodide  is  colorless  but  appears  brown  from 
color  of  the  liberated  iodiue.  The  reaction  is  reversible  « 
far  from  complete  unless  the  iodine  is  reduced  by  the  addi 
of  a  sulfite  or  other  suitable  reducinR  agent. 

Cuprous  Cyanide.- — When  potaaaium  cyanide  is  added  i 
cupric  salt,  cupric  cyanide  is  precipitated;  but  this  is  unsl 
and  soon  deeomposea  into  the  cuprous  cyanide,  CuNC, 
cyanogen, 


2Cu(NC),  =  2CuNC  +  C,N, 


I 


The  cuprous  cyanide  is  practically  insoluble  in  water,  but' 
solves  readily  in  an  excess  of  potassium  cyanide  owing  lo 
formation  of  the  colorless  very  stablp  complex  anion  CiiiXt 
This  ion  gives  an  exceedingly  low  concentration  of  copperas 
so  low  in  fact,  that  it  does  not  show  the  properties  of  capp< 
ion  and  will  not  give  a  precipitate  of  copper  sulfide  (* 
see)  with  hydrogen  sulfide.  Because  of  the  very  snuU 
cent  rat  ion  of  the  copper  ion  from  this  cuprocyaDOgen 
all  the  slightly  soluble  salts  of  copper  will  dissolve  in  uic 
of  potassium  cyanide. 

Cuprous  Sulfide,— Cuprous  sulfidt!,  C'uiS,  is  formed  by  ha 
the  cupric  compound  in  a  stream  of  hydrogen.  It  is  four 
nature  and  is  then  known  as  copper  glance.  It  is  dark  co 
and  is  not  soluble  in  water  or  cold  dilute  acids,  but  is  disi 
by  hot  dilute  nitric  acid  and  by  potassium  cyanide. 

The  Cupric  Compounds. — The  cupric  compounds  are  div 
and  are  in  general  more  common  and  more  important  thi 
cuprous.  The  halogen  compounds,  as  ntitcd  in  the  disci 
of  the  cuprous  salts,  show  a  marked  tendency  to  pass  ovei 
the  cuprous  salt  and  the  free  halogfu.  On  the  other  hant 
only  stable  oxy  salts  of  copper  belong  to  the  cupric  series, 
in  dilute  solution  in  water,  the  cupric  salts  all  show  a  blue 
which  consequently  is  said  to  be  the  color  of  the  cuprii 
Cu  "'■"'■.  When  an  excess  of  ammonium  hydroxide  is  addet 
cupric  salt,  the  precipitate  of  cupric  hydroxide  or  basic  saH^ 
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"Bt  formed  is  redissolved  and  the  solution  becomes  int^isely 
I.  Such  a  solution  acts  as  though  it  contained  a  complex 
ric  ammonia  ion,  QuCNHj)*"*"*^,  having  a  deep  blue  color, 
itpric  Oxide  and  Hydroxide.: — Cuphc  oxide  or  black  oxide  of 
per,  CuO,  occurs  in  nature  in  the  ore  melaconite.  It  may  be 
lared  by  heating  the  metal  in  a  stream  of  oxygen  or  air; 
Ynis  oxide  is  first  formed.  When  heated  to  rednees,  it  acts 
.  good  oxidizing  agent  toward  hydrogen  and  organic  eub- 
ces,  oxidizing  them  to  water  and  carbon  dioxide  and  being 
f  reduced  to  metallic  copper.  This  property  is  employed 
he  quantitative  synthesis  of  water  and  in  the  analysis  of 
flic  compounds.  Copper  oxide  is  also  used  in  the  refining 
etroleum  to  remove  sulfur  compounds. 

upric  hydroxide,  Cu(OH)t,  is  a  weak  base  which  is  but 
itly  soluble  in  water.  It  is  precipitated  as  a  l^ht  blue  gelat- 
is  substance  when  a  soluble  hydroxide  is  added  to  a  cupric 
Upon  standing  or  more  quickly  when  the  solution  is 
ed,  it  becomes  black  and  ia  transformed  into  a  hydrated 
1  of  the  oxide. 

upric  hydroxide  is  of  course  soluble  in  acids.  It  is  not  dis- 
ed  by  sodium  hydroxide  of  moderate  concentrations,  but 
oluble  in  ammonium  hydroxide  owing  to  the  formation  of 
deep  blue  complex  cupric  ammonift  ion  Cu(NHg)i'^'''.  It  is 
soluble  in  solutions  of  sodium  and  potassium  tartrate,  espe- 
y  in  the  presence  of  sodium  hydroxide,  a  complex  copper 
rate  ion,  CuC^HjOa  ,  is  formed.  This  solution  is  deep  blue 
the  ammoniacal  solution,  and  is  used  in  the  determination 
lucose  since  the  latter  reacts  in  a  definite  manner  with  it 
ling  cuprous  oxide  which  is  presipitated.  It  is  called  Fehl- 
I  Bolution.  This  solution  of  cupric  hydroxide  in  ammonia 
the  remarkable  property  of  dissolving  cotton  or  other  forms 
>lIuloee.  This  is  reprecipitated  upon  acidulating  the  solution 
form  having  a  silky  luster.  This  is  the  basis  of  the  process 
inking  artificial  silk. 

Dpric  Chloride. — Cupric  chloride,  CuCU,  may  be  prepared 
he  direct  union  of  its  elements  or  by  the  interaction  of  bydro- 
ric  acid  with  the  oxide,  hydroxide,  or  carbonate. 
nliydrouB  cupric  chloride  is  yellow,  a  dilute  solution  of  the 
ig.UtiB  ftud  a.concentrated  aali  oerhsps  becau^ 
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of  the  aimultaDeous  presence  of  the  ion  and  of  the  uodiasotuttdls- 
salt.  From  the  concentrated  solution,  the  blue  hydiil«  Iv 
CuCIi'2HiO,  crystallizes  out. 

The  deep  blue  solution  formed  by  the  addition'of 
of  ammonia  to  a  solution  of  cupric  chloride  deposits 
centration  crystals  having  the  formula  Cu(NHt)  iCli-HtO. 
anhydrous  chloride  will  combine  directly  with  wmm'?"'* 
form  the  compounde,  CuCl]'6NHi  and  CuCl|'2NHa,  thatt 
aaalc^ufl  to  salts  with  water  of  crystalliaation. 

Cupric  Sulfate. — Copper  sulfate  or  blue  vitriol,  CuSOfSEiO, 
is  the  most  important  copper  salt.  It  may  be  made  on  a  small 
scale  by  heating  copper  with  concentrated  sulfuric  acid.  Ite 
sulfuric  acid  here  acts  as  the  oxidiising  agent,  and  is  itself  redncid 
to  sulfur  dioxide, 

Cu  +  2H,S04  =  CuSO,  +  80,  +  2H,0 

On  a  large  scale,  it  is  made  by  carefully  oxidiiing  natunltr 
occurring  sulfides  by  roasting  them  in  the  air  and  diasolring  wt 
tlie  sulfate  with  water,  or  by  roasting  the  ores  or  matte  anddifr 
solving  in  dilute  sulfuric  acid.  The  salt  is  soluble  in  water,  ud 
crystallizes  from  solution  as  the  blue  pentahydrate,  CuSOiSHA 
The  five  molciulcs  of  water  of  crystallization  in  the  pent»hj^ 
drate  may  be  successively  replaced  by  the  same  number  of  miJe- 
cules  of  ammonia.  A  similar  thing  is  true  for  other  aalta  U>A 
serves  to  strengthen  the  resemblance  between  ammonia  ui 
water.  With  potassium  sulfate,  copper  sulfate  forms  the  doaUi 
salt,  CuS04-KjSOt-6HiO,  isomorphous  with  the  correspondini 
magnesium  compound. 

Copper  sulfate  is  used  in  the  preparation  of  other  copper  com- 
pounds, in  calico  printing,  in  the  purification  of  copper  byelee- 
trolysis,  in  electroplating  and  electrotyping,  as  a  germidde  mi 
fungicide  (mixed  with  slaked  lime  it  forms  Bordeaux  mixture). 
Since  it  is  very  poisonous  to  the  lower  orders  of  plants,  it  is  vitA 
extensively  to  destroy  such  organisms  as  ofteQ  give  to  pvbb 
water  supplies  a  disagreeable  taste  and  odor.  It  is  used  in  mak- 
ing the  electric  cell  known  as  the  Daniel's  battery  and  also  in  Uk 
gravity  battery. 

Cupric  Nitrate.— Copper  nitrate,  Cu(NOi)i-€HtO  is  a  Uoe 
salt  which  may  be  made  by  dissolving  the  metal,  the  oxide  or 
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onate  in  nitric  acid.  It  is  very  easily  soluble  in  water, 
ui  heated  it  gives  the  oxide. 

ipric  Carbonate. — Cupric  hydroxide  is  such  a  weak  base  that 
normal  carbonate  does  not  seem  to  be  able  to  exist  since 
us  neither  been  found  in  nature  nor  prepared  in  the  labora- 
.  Two  basic  carbonates,  malachite,  CuCOaCuCOH)^  and 
ite,  2CuC08Cu(OH)j  occur  fairly  abundantly  in  nature  and 
valuable  copper  ores.  The  green  coating  which  gradually 
IS  on  copper  exposed  to  the  weather  has  the  composition  of 
tchite. 

ipric  Acetate. — ^A  basic  copper  acetate,  known  as  verdigris 
Dg  a  fine  bluish-green  color  and  used  as  a  pigment,  is  formed 
le  action  of  the  air  and  of  the  crudest  kind  of  vinegar  (acetic 
I  upon  plates  of  copper.  The  oxygen  of  the  air  is  the  oxidiz- 
igent  in  this  case.  The  normal  salt,  Cu(C2H802)2H20  may 
btained  by  crystallization  from  dilute  acetic  acid.  It  forms 
green  crystals  and  is  used  as  a  pigment. 
Ipric  Sulfide. — ^When  hydrogen  sulfide  is  passed  through  a 
ral  or  acid  solution  of  a  cupric  salt,  a  brownish-black  pre- 
ate  is  thrown  down;  this  consists  principally  of  the  cupric 
ie,  CuS,  but  always  contains  some  cuprous  sulfide,  CU2S. 
trying  this  precipitate  and  heating  it  in  a  current  of  hydrogen, 
completely  transformed  into  the  cuprous  compound.  The 
*ogen  assists  by  sweeping  away  the  sulfur, 
ipric  sulfide  is  practically  insoluble  in  cold  dilute  acids,  but 
dves  in  hot  dilute  nitric  acid.  In  the  latter  case,  hydrogen 
le  is  not  evolved;  but  the  sulfur  as  ion  is  oxidized  to  free 
ir  and  the  nitric  acid  reduced  to  nitric  oxide. 
»pper  Ferrocyanide,  Osmotic  Pressure. — Copper  ferro- 
ide,  Cu2Fe(NC)«  has  a  very  intense  brownish-red  color 
is  exceedingly  slightly  soluble.  Because  of  these  properties, 
of  some  importance  to  analytical  chemistry.  It  is,  however, 
r  greater  importance  to  biology  and  to  theoretical  chemistry, 
use  of  the  part  which  it  plays  in  the  study  of  the  phenomena 
(motic  pressure. 

)pper  ferrocyanide  is  a  colloidal  substance,  and  may  be 
ined  as  a  membrane  filling  the  pores  of  a  porous  cell  (Fig.  62) 
tutting  a  solution  of  copper  sulfate  on  the  inside  of  the  cell 
a  solution  of  potassium  ferrocyanide  on  the  outside  and 
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allowing  the  whole  to  staad  for  some  time-  The  ferrocyi 
precipitated  in  the  pores  of  the  cell  where  the  two  solution 
After  this  cell  has  been  thoroughly  washed  \a  free  it  from 
salts,  it  behaves  io  a  very  peculiar  manner.  Pure  wal 
pass  through  it  in  either  direction  very  much  as  thnr 
ordinary  porous  cell  only  more  slowly;  but  if  a  solution  c 
or  of  many  other  substances  is  placed  in  the  cell,  and  th 
then  set  into  a  dish  of  pure  water,  the  water  will  be  drawn! 
into  the  solution.  If  the  cell  be  closed 
cork,  the  water  will  continue  to  ent« 
has  produced  a  certain  pressure  which 
measured  upon  an  attached  manometer. 
this  pressure  is  reached,  the  water  ceaeest 
and  if  by  any  means  the  pressure  within 
\a  increased  yure  water  and  not  eolvtion  i 
out  of  the  cell  until  the  pressure  is  red 
its  former  value.  This  pressure  at  whic 
ia  equilibriiun  between  pure  water  and  a  i 
separated  by  a  membrane  such  as  coppc 
cyanide  is  called  the  osmotic  pressure 
solution. 

When  the  conditions  which  affect  the  ■ 
prepsure  are  investigated,  it  is  found  t 
fairly  dilute  solutions,  the  osmotic  pre 
directly  proportional  to  the  concentratio 
solution  and  to  the  absolute  temperaturea 
it  is  measured.  In  these  ways  it  com 
exactly  to  the  pressure  of  a  gaseous  sul 
In  fad,  the  osmotic  pressure  of  a  aolutio 
same  as  the  presawe  which  the  aoiule  wot 
if  it  were  in  the  alaie  of  a  gas  and  ocett\ 
volume  of  the  solvent  in  which  it  ia  diasotved  at  the  temperi 
which  the  osmotic  pressure  is  measured.  The  gts  law  eqi 
PV  =  K  and  V  =  KT  apply  to  osmotic  preaBure  ftlso,  I 
osmotic  pressure,  V  the  volume  of  the  solvent  (not  the 
of  the  solution),  and  T  the  absolute  temperature.  The  i 
pressure  of  a  solution  containing  one  gram  mole  in  a 
solvent  is  approximat^y  22.4  atmospheres  at  0°C. 

Other  membranes   than   copper  ferrocyanide  may  h 
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yat  altering  the  value  of  the  osmotic  pressure  of  a  solution 
ided  always  that  they  will  permit  the  solvent  to  pass  through, 
lot  the  solute.  Such  membranes  are  called  semipermeable 
branes.  They  seem  to  act  as  selective  solvents  and  to 
Ive  the  Bolveat  but  not  the  solute  of  the  main  solution, 
te  osmotic  pressure  of  salt  solutions  is  abnormally  high 
ig  about  twice  the  calculated  value,  in  the  case  of  sodium 
ide,  for  example.  The  significance  in  connection  with  the 
ciation  hypothesis  is  obvious,  but  really  it  adds  nothing  to 
rvidence  already  given  in  favor  of  this  theory,  because  the 
ce  of  thermodynamics  has  shown  that  the  osmotic  pressure 
lolution  is  directly  proportional  to  the  relative  loweriog  of  the 
r  pressure  of  the  solution  and  hence  to  the  lowering  of  the 
ing-point  and  to  the  rise  in  the  boiling-point.  If  these  are 
rmal,  as  they  are,  for  salts,  the  osmotic  pressure  must  be 
rmal  also. 

LB  osmotic  pressures  of  concentrated  solutions  are  by  no 
18  small  and  pressures  up  to  36  atmospheres  have  been 
nired.  Such  a  pressure  is  equal  to  that  exerted  by  a  column 
ater  1,200  ft.  in  height.  And  this  enormous  pressure  it 
;  be  remembered,  is  produced  simply  by  the  water's  passing 
if^  a  semipermeable  membrane  into  a  solution  without  the 
ID  of  any  external  force. 

any  of  the  processes  which  take  place  in  the  living  organisms 
,t  least  partially  osmotic  in  their  nature,  the  movement  of  sap 
lants  and  of  the  bodily  fluids  in  animals,  for  example. 
la^ftical  Properties  of  Copper. — In  analysis,  use  is  most 
lently  made  of  the  following  properties:  namely,  the 
je  is  but  slightly  soluble  in  water  and  cold  dilute  acids, 
soluble  in  hot  dilute  nitric  acid  (separation  from  mercury) ; 
sulfate  is  soluble  in  water  (separation  from  lead) ;  the  hy- 
ide  is  soluble  in  an  excess  of  ammonia  (separation  from 
lOth);  and  the  sulfide  is  soluble  in  potassium  cyanide  (sepa- 
la  from  cadmium).  The  intense  blue  color  of  the  cupric 
lonia  ion  which  is  formed  by  the  addition  of  an  excess  of 
tonium  hydroxide  to  the  cupric  salt  is  fairly  characteristic, 
I  nickel  is  the  only  other  metal  which  has  similar  properties. 
ley  characteristic  test  for  copper  is  based  on  the  fact  that 
tlUo  iron  will  preoifdtate  bright  i  upon  its 
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to  the  product  of  the  volte  times  the  coulombs,  it  follows  thii 
the  potential  or  electromotive  force  of  a  cell  is  equal  to  theliB 
energy  produced  during  1  grm-  equivalent  of  change  (Hvii 
by  96,500.     Expressed  in  the  form  of  an  equation. 


E.m.f. 


in  which  e.m.f.  r'"- 
free  energy  of  1 
this,  it  foUowa  th; 
to  the  decrease  ii 
mation  of  a  gram  <^- 
in  the  cell.     Since 
binations,  the  poci 
Oxidizing  agents 
i.e.,  the  decrease 
tion  of  a  gram  e^ 


F/96,500 
-'-imotive  force,  and  F  for  tin 

of  chemical  change.  Fnm 
'  a  cell  ia  directly  proportioai 
'  accompanying  the  translo! 
oxidizing  and  reducing  agentl 
is  different  for  different  com- 
us  cells  are  quite  diesioiilii. 
in  the  order  of  their  aeti\ily, 
y  involved  in  the  traasfomii- 

number  can  be  assigned  td 


each  which  represents  une  poieia^^I  of  an  electrode  in  the 
ionic  aolution'  of  the  oxidizing  agent.  This  number  may  bt 
represented  by  E  and  then,  E  =  F'/Q&,500;  where  F'  is  thetw 
energy  produced  when  1  grm.  equivalent  of  the  oxidizing  agent 


is  reduced.     The  following  table  gives  a  short  list  of  oxidiiiBf 
agents  arranged  in  the  order  of  their  oxidizing  power,  and  al» 
gives  the  value  of  E.    This  table  is  a  part  of  what  is  called  the 
potential  series. 

Aicot 

E  In  Yolt. 

Agent 

-— 

+  1,75 
+  1.604 
+  1.396 

+  1.270 
+  1.048 
+  1,027 
+  0.606 

H+ 

+  0.377 
+  0.129 
+  OHt 

s.":..:::: 

Ni++.. 

A«+              

Tl*. 

OOti 

Za** 

A  +-  sign  before  the  value  of  E  indicates  that  the  electrode  t9 

'  A  normal  ionic  solution  is  one  which  coataina  in  a  liter  such  a  quuti^ 

of  the  salt  that  there  will  be  1  grm.  equivalent  of  the  ion  present  m  tbc 

actually  dissociated  state.     Because  of  the  incomplete  dissociation,  such  i 

aolution  will  contain  per  liter  more  »'■-'■  """  equivalent  of  ttke  enlt. 
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itive  against  the  solution  oS  that  oxidising  agent,  .and  s  — 
I  means  that  the  electrode  is  negative  toward  the  solution, 

the  significance  of  a  negative  sign  is  that  free  energy  is  taken 
instead  of  being  given  out  when  the  ion  id  changed  to  the 
al.  This  is  the  case  with  all  the  metals  which  are  hard  to 
ice  from  their  compounds. 

ny  oxidizing  agent  in  this  list  is  able  to  form  anything 
g  below  it  and  is  formed  by  all  that  stand  above.  For 
nple,  the  cupric  ion  will  oxidize  anything  from  hydrogen  to 
:  and  change  it  from  the  element  to  the  ion,  while  copper  is 
If  oxidized  by  mercury  and  all  that  stand  above  to  the  cupric 
A  voltaic  cell  then  may  be  made  up  of  a  combination  of  any 

of  these  agents,  and  its  electromotive  force  will  be  the 
ibraical  difference  between  the  value  of  E  for  the  two  elec- 
les.  For  example,  a  cell  might  be  made  up  of  a  silver 
trode  in  a  silver  solution  and  a  copper  electrode  in  a  copper 
>tion,  and  it  would  have  an  e.m.f.  of  1.048  ~  0.606  -  0.442 
■s.     The  silver  electrode  would  be  positive  toward  the  copper 

the  latter  would  dissolve,  while  metallic  silver  would  be 
oeited.  The  electromotive  force  of  the  Daniell  cell  may  be 
iilated  from  this  table  by  subtracting  the  value  of  zinc, 
.493  from  that  of  copper,  +0.606;  0.606  -  (  -0.493)  - 
16  +  0.493  =  1.099  volts.  Here  in  contrast  to  the  above,  the 
per  is  positive  toward  the  zinc  and  is  deposited  while  the 
;  dissolves. 

"he  activity  of  an  oxidizing  agent  depends  upon  the  concen- 
ion.  The  figures  given  above  apply  to  normal  ionic  solu- 
is  containing  1  grm.  equivalent  of  "actual  ion  "  per  liter;  in 
e  dilute  solutions,  the  electrodes  are  leas  positive  if  the  oxidiz- 
agent  is  a  cation.  Anything  which  tends  to  reduce  the  con- 
tration  of  the  copper  ion  for  instance,  will  tend  to  bring  the 
mtial  of  the  copper  electrode  nearer  the  zinc  and  reduce  the 
^ntial  of  the  copper  zinc  cell.  The  concentration  of  copper  in 
ilution  containing  an  excess  of  ammonia  is  very  small,  and 
potential  of  a  cell  made  up  of  a  copper  electrode  in  such  a 
.tion  and  a  zinc  electrode  in  zinc  sulfate  solution  is  much 
,Uer  than  that  of  the  Daniell  cell.  If  potassium  cyanide  is 
1  instead  of  the  ammonia,  the  concentration  of  the  copper 
ill  further  reduced,  so  that  the  potential  of  the  copper  elec- 
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trode  is  actually  made  smaller  than  that  of  the  imc,  uiiluii 
cell  made  up  of  the  two,  the  processes  which  take  place  in  i 
Daniell  cell  are  reversed,  copper  going  into  snlution  and  thei 
being  deposited. 

Silver 


General. — Because  "* 
been  known  and  U8< 
to  the  other  elements  i 
of  its  compounds, 
the  difference  in   c 
mcrcurouB,  and  coppc 
valent  and  also  in  the  b: 
It  differs  radically  tho 
its  hydroxide  is  a  st 
acids  are  neutral.     In 


-ace  free  in  nature,  oIv-mW 
toric  times.  Its  relatlon^F 
ilex  as  will  be  seen  by  a  A^ 
much  like  copper  a^de  fmn 
^  it  is  like  mercury 
JUS  states  in  that  it  is  idodo- 
.ies  of  its  halogen  compuun^ 
!i  mercury  and  copper  in  tW 
hat  its  soluble  salts  of  sUODt 
es  the  alkali  metals,  aodsoiu 


of  its  salts  are  isomorpbous  witb  tiic  corresponding  salts  of  poU*-  I 
sium.  The  silver  ion  Ag"^  is  a  good  oxidizing  agent,  and  ti* 
metal  is  obtained  very  easily  from  many  of  its  compounds.  Tif 
oxide  for  example,  when  heated,  acts  Uke  mercuric  oxide  in  thit 
it  is  changed  into  the  metal  and  oxygen.  Schcele  took  advantie^ 
of  this  in  one  of  his  methods  for  the  preparation  of  oxygen. 

Occurrence. — Like  copper,  silver  is  found  in  nature  both  fr« 
and  in  combination.  The  native  silver  ia  a  fairly  important 
ore,  but  is  practically  never  found  pure,  being  alloyed  with  gold, 
copper  or  mercury.  The  most  important  ore  is  the  milfide  Ag^ 
called  argentite  or  silver-glance.  This  is  usually  found  in  iao- 
morphous  mixture  with  lead  sulfide.  In  addition  there  are  com- 
pounds of  silver  sulfide  and  antimony  or  arsenic  sulfides  known 
as  pyrargyrite  AgjSbSg,  and  proustite,  AgtAsS*. 

Metallurgy. — The  metallurgy  of  silver  is  complicated  by  tiie 
fact  that  it  ts  generally  associated  with  other  metala  such  at 
copper,  lead,  zinc  and  gold  which  it  is  necessary  and  desiraUt 
to  extract  at  the  same  time.  To  meet  the  needs  of  individual 
cases,  a  considerable  variety  of  methods  for  extracting  tbe 
silver  have  been  devised.  These  may  be  grouped  into  smeltiiif 
or  dry  processes,  amalgamating  and  leaching  or  wet  p 
The  smelting  methods  are  usually  applied  to  ore  wfaio' 
relatively  more  copper  or  lead  than  silver.       If  they 
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er  ores,  they  are  worked  as  described  under  that  metal, 
the  blister  copper  obtained  will  cany  practically  all  the 
•  in  the  ore.  This  crude  copper  ia  then  purified  by  electroly- 
ind  the  silver  is  obtained  in  the  anode  mud.  The  lead 
are  smelted  as  will  be  described  under  that  metal,  and  the 
will  cont^n  the  eilver.  This  is  called  work  lead  or  base 
3n.  The  silver  is  removed  from  this  by  what  is  known 
e  Parke's  process  which  is  as  follows:  Work  lead  is  melted 
rge  kettles  and  kept  molten  for  some  time  to  allow  other 
irities  to  be  oxidized  and  skimmed  off  as  "dross."  Then 
aotity  of  zinc  equal  to  from  0.5  to  2.0  per  cent,  of  the  weight 
3e  lead  is  stirred  into  the  molten  mass.  Zinc  and  lead 
only  slightly  soluble  in  each  other,  while  zinc  is  a  much 
?r  solvent   for   silver   than  lead   ia.     The   zinc,   therefore, 

as  an  extractive  solvent,  and  dissolves  the  greater  part 
le  silver  (see  the  Law  of  Diatribution)  from  the  lead.  The 
r  zinc  alloy  being  much  the  lighter,  rises  to  the  surface,  and 
eing  allowed  to  cool,  forma  a  aolid  cruat  while  the  lead  is 
molten.  Thia  is  akimmed  off  and  freed  from  most  of  the 
which  adheres  to  it,  and  the  zinc  is  then  diatilted  from  the 
'  in  large  graphite  retorts.    The  silver  is  heated  in  a  cupella- 

furnace  where  any  lead  which  it  retains  ia  oxidized  to 
rge,  PbO,  and  absorbed  in  the  bone  aah  which  forma  the 
3m  of  the  furnace.  The  silver  remains  unoxidized,  accom- 
ed  by  any  gold  that  was  in  the  original  bullion.  These 
leparated  by  dissolving  the  silver  in  hot  concentrated  aul- 

acid;  the  gold  is  left  unchanged.  The  silver  is  precipi- 
1  from  the  silver  sulfate  solution  by  means  of  metallic  copper, 
lere  are  also  electrolytic  processes  for  getting  silver  and 

from  work  lead.  The  silver  and  gold  are  found  in  the 
ues  in  the  bottom  of  the  cell. 

oalgamation   Process. — Thia  depends   upon    the  solution 

;e  silver  from  an  ore  in  metallic  mercury,  formii^  silver  amal- 

After  separating  thia  from  the  ore  gangue,  it  is  freed  from 

s  mercury  by  straining  through  canvas  or  buckakin.     The 

amalgam  ia  then  distilled  in  an  iron  retort,  the  mercury  pass- 
>ver  and  the  silver  remaining  in  the  retort.  This  proceas  is 
icable  to  ore  m  which  the  ailver  is  either  free  or  can  be  easUy 
oed  to.  tlie  free  state. 
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The  Halogea  Confounds  of  SOnc.— SQver 
made  by  the  action  (rf  hydrofluoric  Mad  open  the 
boDate.    It  ia  highly  soluble  in  water  and  u  ~   ~ 

The  chloride,  bromide,  and  iodide  of  dlw  are  very  di^' 
soluble  in  water  or  in  dilute  adds,  and  are  thrown  down  a 
curdy  precipitates  upon  the  addition  of  the  ctneepoo^ 
halogen  sfdts  to  a  solution  of  a  diver  salt.  Hw  chlonde  is  i^ 
and  soluble  to  the  extent  of  0.002  grm.  pv  titer  of  water.  Tic 
bromide  has  a  pale  yellow  color  and  is  lea  soluble  tbu  tbi 
chloride.  The  iodide  is  distinctly  yellow,  and  is  the  least  BOJuUe 
of  the  three.  When  exposed  to  the  li^t,  aWer  chloride  and  bifr 
mide  darken  and  some  free  halogen  is  f  onned  together  with  s  i 
chloride  or  bromide,  AgiCl  or  AgiBr.  Silver  iodide  is  unehai 
in  the  light  unless  an  excess  al  AgNOj  is  present.  Iheat  fiA 
are  important  in  connection  with  photography  (p.  384). 

The  silver  halidee  at  ordinuy  or  low«-  tempoatuits  wil 
combine  directly  with  ammonia  for  the  formation  of  the  fonowing 
rompounds,  2AgC:i3NH,,  AgCl-3NH,,  AgErNH,,  2AgBr3NH^ 
AKBr-3NH,,  2AkINH,,  AglNH, 

Hilvcr  chloride  is  fairly  soluble  in  concentrated  solutions  of 
hydrochloric  acid  and  of  the  easily  soluble  chlorides,  appsreatly 
Iwcause  of  the  formation  of  the  ion  AgCU — .  It  is  alsotaaly 
soluble  in  ammonium  hydroxide  owing  to  the  fonnatioD  ti  tfie 
stable  complex  ion,  Ag(NH.),+  called  the  silver  ammoni*  i«i 
Silv<;r  bromide  is  somewhat  soluble  in  ammonium  hydronde, 
IdJt  the  irxlide  is  scarcely  affected.  The  exi^anation  is  that  ailva 
bromide  because  of  its  shght  solubility  pves  a  concentratitMi  of 
silv'T  ajs  ion  in  the  solution  which  is  but  tittle  hi^ier  than  tint 
of  the  silver  ion  which  together  with  the  ammonia  is  in  equilil^ 
Hum  with  the  complex  silver  ammonia  ion,  so  its  eoooentraooi 
•raniiot  l*e  much  reduced  through  the  fonnatioo  of  thi>  io- 
nilv<;r  iftdide  is  still  less  soluble,  and  the  cooeentntitHi  of  tke 
Rilv(;r  ion  in  its  solution  is  smaller  than  that  bom  the  nSM 
ammonia  ion. 

rv^lium  thioeulfatc  inteiaets  wSi'     ~  *"    l«  tha  faw» 

tion  of  the  complex  cryvtalliBe  w  -  ^tt 

ib  iKilution,  this  seems  to  |iM  '^^ 

cohcentration  of  tlw  aOiw  m 
the  same  as  that  fnim  vw 
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ave  much  effect  upon  the  latter  although  it  dissolves  silver 
ide  with  ease. 

rer  Cyanide.— Soluble  cyanides  give  with  the  soluble  silver 
a  precipitate  of  silver  cyanide  which  is  somewhat  less 
le  than  the  chloride.  The  cyanide  is  soluble  in  ammonium 
)xide  and  very  easily  in  an  excess  of  potassium  cyanide 
5  to  the  formation  of  the  very  stable  complex  silver  cyano- 
on,  Ag(NC)j*",  similar  to  the  complex  cuprocyanogen  ion, 
*JC)i~.  The  concentration  of  the  silver  ion  from  this  ion  is 
ry  small  that  silver  iodide,  and  all  of  the  other  difficultly 
le  salts  of  silver,  are  dissolved  by  potasaum  cyanide  in 
3.  The  sulfide  requires  the  largest  excess, 
utions  of  this  potassium  silver  cyanide  are  used  in  silver 
opiating.  The  object  to  be  plated  is  made  the  cathode 
i  plate  of  pure  silver  the  anode. 

rer  Nitrate. — Silver  nitrate,  A^NOi,  is  the  most  important 
>f  silver.  It  ts  made  by  the  action  of  nitric  acid  upon  the 
1; 

3Ag  +  4HN0ii  =  3AgN0.  +  NO  +  2H,0 

ver  nitrate  is  a  white  crystalline  easily  soluble  salt,  iso- 
ihous  with  potassium  nitrate.  It  melts  at  a  temperature 
le  over  200°  and  when  cast  in  sticks  is  sometimes  used  in 
cine  as  a  caustic  under  the  name  of  lunar  caustic.  Its  use  as  ■ 
Stic  depends  upon  the  property  of  rendering  insoluble  certain 
genouB  substances,  called  the  albuminoids. 

the  pure  state,  it  is  not  altered  by  light;  but  in  the  presence 
ducing  agents,  it  is  changed  to  finely  divided  metallic  silver 
ig  a  black  color.  This  is  the  cause  of  the  stains  which 
>duces  on  the  skin.    The  nitrate  is  much  used  in  the  labora- 

for  the  detection  and  estimation  of  the  halogens  and  is 
the  starting-point  for  the  preparation  of  most  of  the  other 
r  salts. 

.wc  Eftdfite. — Silver  sulfate  may  be  made  by  the  action  of 
Wtnted  nlfuric  acid  upon  the  metal; 

TH,SO*  -  AgjSO*  +  SOi  +  2H,0 

this  reaction  in  the  "parting"  of  the  alloys 
frace  obtained  in  the  smelting  and  refining 


The  Halogen  Comitoimds  of  Silver. — Silver  fluoride  magrbl 
made  by  the  action  of  hydrofiuoric  add  upon  the  oxide  ara^' 
bonate.    It  is  highly  soluble  in  water  and  is  deliquescent. 

The  chloride,  bromide,  and  iodide  of  silver  are  very 
soluble  in  water  or  in  dilute  acids,  and  are  thrown  down 
curdy  precipitates  upon  the  addition  of  the  correspondiDg 
halogen  salts  to  a  solution  of  a  silver  salt.  The  chloride  is  wMte 
and  soluble  to  the  extent  of  0.002  grm.  per  liter  of  water.  The 
bromide  has  a  pale  yellow  color  and  is  less  soluble  than  tlM 
chloride.  The  iodide  la  distinctly  yellow,  and  is  the  least  solnble 
of  the  three.  When  exposed  to  the  light,  silver  chloride  and  bro- 
mide darken  and  some  free  halogen  is  formed  together  with  a  sub- 
chloride  or  bromide,  AgtCl  or  AgtBr.  Silver  iodide  is  unchanged 
in  the  light  unless  an  excess  of  AgNOi  is  present.  These  futi 
are  important  in  connection  with  photography  (p.  384), 

The  sUver  halides  at  ordinary  or  lower  temperatures  will 
combine  directly  with  ammonia  for  the  formation  of  the  following 
compounds,  2AkC1  3NHj,  AgCl-3NH,,  AgBr-NH,,  2AgBr-3NH,, 
AgBr-SNHa,  2AgINH3,  AglNH,. 

Silver  chloride  is  fairly  soluble  in  concentrated  solutions  of 
hydrochloric  acid  and  of  the  easily  soluble  chlorides,  apparently 
because  of  the  formation  of  the  ion  AgC!j~~.  It  is  also  easily 
soluble  in  ammonium  hydroxide  owing  to  the  formation  of  the 
stable  complex  ion,  Ag(NHa)s+  called  the  silver  ammonia  ion. 
Silver  bromide  is  somewhat  soluble  in  ammonium  hydroxide, 
but  the  iodide  is  scarcely  affected.  The  explanation  is  that  silver 
bromide  because  of  its  Hlight  solubility  gives  a  concentration  of 
silver  as  ion  in  the  solution  which  is  but  little  higher  than  that 
of  the  silver  ion  which  together  with  the  ammonia  is  in  equilib- 
rium with  the  complex  silver  ammonia  ion,  so  its  concentratioD 
cannot  be  much  reduced  through  the  formation  of  this  ion, 
Silver  iodide  is  still  less  soluble,  and  the  concentration  of  the 
silver  ion  in  its  solution  is  smaller  than  that  from  the  silver 
ammonia  ion. 

Sodium  thiosulfate  interacts  with  mlver  salts  for  the  foniur 
tion  of  the  complex  crystalline  salt,  2NaAgBiO»-NaiSiOi.  When 
in  solution,  this  seems  to  give  the  complex  ion,  AgSiOj".  The 
concentration  of  the  silver  as  ion  from  this  seems  to  be  about 
the  same  as  that  from  silver  iodide  for  sodium  thiosulfate  do« 
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lot  have  much  effect  upon  the  latter  although  it  disaolves  Bilver 
>roimde  with  ease. 

Silver  Cyanide. — Soluble  cyanides  give  with  the  soluble  silver 
lalts  a  precipitate  of  silver  cyanide  which  is  somewhat  less 
loluble  than  the  chloride.  The  cyanide  is  soluble  in  ammonium 
tydroxide  and  very  easily  in  an  excess  of  potassium  cyanide 
»wing  to  the  formation  of  the  very  stable  complex  silver  cyano- 
gen ion,  Ag(NC))~,  similar  to  the  complex  cuprocyanogen  ion, 
^n  (NC)t~.  The  concentration  of  the  silver  ion  from  this  ion  is 
lo  very  small  that  silver  iodide,  and  all  of  the  other  difficultly 
toluble  salts  of  silver,  are  dissolved  by  potaSKum  cyanide  in 
ixcesa.     The  sulfide  requires  the  largest  excess. 

Solutions  of  this  potassium  silver  cyanide  are  used  in  silver 
ilectroplating.  The  object  to  be  plated  is  made  the  cathode 
md  a  plate  of  pure  silver  the  anode. 

Silver  Nitrate. — Silver  nitrate,  AgNOi,  is  the  most  important 
alt  of  silver.  It  is  made  by  the  action  of  nitric  acid  upon  the 
netal; 

3Ag  +  4HN0,  =  3AgN0»  +  NO  +  2H,0 

Silver  nitrate  is  a  white  crystalline  easily  soluble  salt,  iso- 
Qorphous  with  potassium  nitrate.  It  melts  at  a  temperature 
.  little  over  200°  and  when  cast  in  sticks  is  sometimes  used  in 
aedicine  as  a  caustic  under  the  name  of  lunar  caustic.  Its  use  as 
.  caustic  depends  upon  the  property  of  rendering  insoluble  certain 
litrogenous  substances,  called  the  albuminoids. 

In  the  pure  state,  it  is  not  altered  by  light;  but  in  the  presence 
if  reducing  agents,  it  is  changed  to  finely  divided  metallic  silver 
laving  a  black  color.  This  is  the  cause  of  the  stains  which 
t  produces  on  the  skin.  The  nitrate  is  much  used  in  the  labora- 
ory  for  the  detection  and  estimation  of  the  halogens  and  is 
tlso  the  starting-point  for  the  preparation  of  most  of  the  other 
ilver  salts. 

Silver  Sulfate. — Silver  sulfate  may  be  made  by  the  action  of 
lot  concentrated  sulfuric  acid  upon  the  metal; 

2Ag  +  2HjS04  =  AgiSO,  +  SOi  +  2H,0 
Advantage  is  taken  of  this  reaction  in  the  "parting"  of  the"lliva 
4  gold  and  silver  which  or'   '     '     H  in  the  smelting  u 
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of  these  metftls.     The  silver  is  dissolved  white  the  gold  is  Ml  I 
It  is  moderately  soluble  in  water  and  will  combine  with  aluminra  1^  t 
sulfate  fortninK  the  alum  AgAl(SO0i-12HsO,  which  is  it 
phous  with  the  corresponding  potassium  salt  and  nnth  the  Mt  1 
series  of  alums.  I  jg 

surer  Sulfide.— Silver  sulfide,  AgjS,  is  so  very  sligbtly  solicit  Id; 
that  it  is  formed  by  the  action  of  hydrogen  sulfide  upon  "S 1 
silver  compounds  except  the  complex  potassium  silver  cj-uuil 
in  the  presence  of  a  very  large  excess  of  potassium  cyanide.  I 
It  is  even  formed,  as  noted  above,  by  the  action  of  hydrogs  I 


sulfide  or  of  other  sv 

Silver  Carbonate.— t 
salt  sliglitly  soluble  in  wa 
reaotjon.     It  resemblps 
soluble  in  the  presence  ot  c 
normal  salt  exists  indicat.(>j 

Other  Salts.— Silver 
mate,   AgjCrOj   (red),   suvei 
silver  areenate,  AgjAsO* 
which  are  used  in  analysis 
Photography.— The  mo 
graphic  pniccsscs  depend 


I  pun 


-*allic  silver, 
te,  AgsCO,,  is  a  pale  ydln  I 
h  it  imparts  a  faint  alkabu  I 
•bonate  in  that  it  is  mwe  I 
lioxide.  The  fact  that  tte  | 
T  hydroxide  is  a  strong  bi 
AgNCS  (white),  sQver  ehro- 1 
ite,  AgjAsOi  (yellow)  and  I 
own)  are  a  few  of  the  aaltl  I 

ant   of  the   modem  photo-  I 
I  sensitiveness  of  the  ailvpf  I 


halides  toward  lighl.  The  "dry  plate"  upon  which  the  pioHur 
is  originally  taken  consists  of  a  plate  of  glass  or  a  film  of  celluloid 
covered  with  a  dried  emulsion  of  silver  bromide  in  gelatine. 
When  Hueh  a  plate  ia  exposed  for  a  fraction  of  a  second  to  light, 
no  visible  action  takes  place;  but  if  it  is  then  placed  in  a  suitable 
reducing  agent  called  the  "developer,"  the  portions  of  the  silver 
bromide  wliich  were  exposed  to  the  light  are  reduced  to  metallic 
silver  at  a  rate  which  is  proportional  to  the  intensity  of  the  light 
and  the  time  of  exposure.  The  reduced  silver  is  deposited  bs  a 
black  substance  in  the  very  position  of  the  bromide  from  which 
it  was  obtained.  The  unexposed  bromide  will  also  be  reduced  by 
the  developer  but  very  much  more  slowly  than  that  which  has 
been  acted  upon  by  light.  If  the  exposure  was  made  in  a  camen, 
there  will  be  developed  upon  the  plate  an  image  which  in  its  ligbt 
and  shade  effects  is  the  reverse  of  the  object,  that  is,  it  will  be 
dark  where  the  object  is  light.  This  is  called  the  n^ativt 
After  the  plate  is  "develo"'  ■■  "  "*  has  then  to  be  "fixed;"  thi* 
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D  say,  the  tmclianged  silver  bromide  must  be  removed  so 
5  the  plate  may  not  be  further  acted  upon  by  the  light.  This 
one  by  taking  advantage  of  the  solubility  of  the  bromide  in 
um  thiosulfate  or  "hypo"  as  it  is  often  called, 
list 'why  the  bromide  which  has  been  exposed  to  light  is  more 
ly  reduced  than  the  unexposed  is  not  known  with  certainty, 
it  may  be  connected  with  the  fact  that  light  will  transform 
ito  a  subbromide  as  noted  above. 

rom  the  negative,  "positives**  or  "prints"  are  made  by  allow- 
light  to  pass  through  the  negative  and  strike  sensitized  paper 
3h  is  placed  in  direct  contact  with  the  gelatine  film  of  the 
itive.  The  dark  portions  of  the  negative  which  corre- 
id  to  the  Ught  portions  of  the  object  protect  the  paper  from 
action  of  light,  and  when  the  print  is  finished  it  will  be  light 
where  the  object  was.  Some  printing-out  papers  are  sen- 
ed  with  silver  bromide  and  these  require  only  very  brief 
)sure,  but  must  be  developed  Uke  plates.  Others  contain 
\T  chloride  and  the  printing  is  continued  tmtil  the  image 
ainly  visible  upon  the  paper.  Such  prints  are  then  "toned" 
reating  them  with  a  solution  of  sodium  chloraurate,  NaAuCU, 
um  gold  chloride  as  it  is  called.  The  silver  which  has  been 
iced  by  the  light,  in  turn  reduces  the  gold  to  metalUc  gold 
;h  in  the  finely  divided  state  has  a  pleasing  reddish  tint.  By 
acing  the  gold  solution  by  potassium  chlorplatinite,  KsPtCU, 
inum  will  be  precipitated  instead  of  gold,  giving  a  very  dark 
J.  By  whatever  process  made,  the  prints  after  development 
oning  must  be  fixed  by  dissolving  out  the  unchanged  silver 
I  with  sodium  thiosulfate. 

[irrors. — Mirrors  are  now  usually  made  by  coating  glass  with 
jr.  This  is  done  by  the  action  of  reducing  agents  such  as  the 
rates,  glycerine,  formaldehyde,  or  a  reducing  sugar  upon 
Qoniacal  solutions  of  silver  nitrate.  These  mirrors  are  far 
jrior  to  the  old-fashioned  ones  which  were  backed  with  an 
ilgam  of  tin. 

nalytical  Properties  of  Silver. — The  silver  ion  is  colorless,  and 
18  a  difficultly  soluble  compound  with  the  chlorine  ion,  a 
jerty  which  is  also  possessed  by  the  mercurous,  cuprous,  and 
.  ions.  Analytically,  the  cuprous  compounds  are  imimpor- 
;.     Silver  chlorir"    *  soluble  in  hot  wate  ^tion 

25 


3SG  CENERAh  CHEMISTRY 

from  lead  chloride;  but  is  soluble  in  ammonium  hydroAi' 
distinction  from  mercurous  chloride.  In  quantitative  aiial)'ai| 
silver  is  usually  weighed  as  the  chloride,  but  often  as  the  mMl 
which  is  obtained  either  by  electrolyBia  or  by  oxidizing  all  ^1' 
other  metals,  except  gold  and  platinum,  in  the  air  at  atii^l' 
temperature  and  weighing  the  metallic  bead  which  issoobtaJDE4|' 
then  diEsolving  out  the  silver  with  pitric  acid  or  suUiiric  acidudl 
weighing  the  residue  of  gold  and  platinum.  The  differeaait 
weight  is  the  weight  of  the  silver. 


Gold  has  been  known  I  toric  times.     From  ita  stnk- 1 

ing  appearance  and  its  o>  free  in  nature  it  must  hm  I 

been  among  the  earli  >als  to  attract  the  attentini 

of  men. 

Gold   forms   a   cot  lall   number   of   compounds 

since  all  of  its  simple  s;  oxyacids  are  %'ery  unstable. 

In  fact,  gold  seems  to  be  y  incapable  of  existing  aa  i 

simple   ion   although   se^  ilex   ion?   are   known.    Th» 

compounds  of  gold  belt  series,  the  aurous  in  which 

the  gold  is  monovalent  and  the  au  "ic  in  it  is  trivalent.  Thf« 
compounds  are  characterized  by  the  great  ea.se  with  wliich  they 
decompose  to  give  metalhc  gold.  This,  in  general,  may  be 
brought  about  by  comparatively  feeble  reducing  agents  or  by  s 
moderate  rise  in  temperature.  The  simple  aurous  halogen  com- 
pounds are  not  soluble  in  water  and  this  establishes  a  sort  of 
relationship  with  copper  and  silver. 

Occurrence. — Gold  generally  occurs  free  in  nature,  its  only 
native  compounds  being  those  with  tellurium.  Native  gold  is 
rarely  found  pure,  being  almost  always  alloyed  with  silver.  It 
is  carried  in  finely  divided  conditions  in  quartz  and  other  rock 
materials  and  in  pyrite,  galena  and  other  sulfides.  It  may  lie 
found  in  its  original  deposits  in  veins  running  through  the  main 
rock  masses  or  in  alluvial  beds  of  sand  or  gravel  formed  by  the 
breaking  down  of  the  original  deposits  through  weathering 
action.  Gold  in  deposits  of  the  former  kind  is  called  reef  gold 
while  that  of  the  latter  kind  is  called  placer  gold. 

Among  the  minerals  containimr  irrAd  and  tellurium,  syl  te, 
(AuAg)Tei  and  calaverite,  >e  mentioned.  se  J 
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Herals  are  much  less  frequently  found  than  native  gold,  but 
of  importance  in  some  gold  districts. 

BSetallurgy. — The  processes  for  extraction  of  gold  may  be 
like  those  for  silver  as  smelting,  amalgamation,  and 
hing  processes;  but  for  gold  there  is  an  additional  class, 
^iJiple  washing  processes. 

Xn  the  latter,  gold  in  placer  deposits  of  sand  or  gravel  is  con- 

^^litrated  by  shaking  up  the  material  with  water  and  allowing 

*^^  gold  to  separate  by  its  greater  density  from  the  lighter  sands. 

-lllese  methods  do  not  save  all  of  the  gold  even  when  carried 

^Ut  under  good  conditions,  and  hence  are  used  chiefly  by  pros- 

l^^ctors,  and  in  the  opening  up  of  new  gold  fields.    They  are 

QCt^eatly  increased  in  efficiency  if  mercury  is  used  to  collect  the 

^^ncentrated  gold  as  an  amalgam  and  in  this  form  they  are 

'tither  widely  used. 

Amalgamation  Processes. — ^Amalgamation  processes  for  gold 
^are  very  similar  to  those  used  for  silver,  and  gold  and  silver  are 
frequently  recovered  in  the  same  operation.  If  the  gold  is  dis- 
^minated  in  quartz  or  other  massive  rock  the  metal  is  recovered 
hy  crushing  the  ore  in  stamp  mills  and  leading  the  crushed 
tnaterial  over  amalgamated  plates,  i.e.,  copper  plates  coated  with 
mercury.  The  gold  is  held  by  this  mercury,  and  from  time  to 
time  the  gold  amalgam  is  scraped  from  the  plate;  excess  mercury 
IB  removed  by  filtering  the  amalgam  through  canvas  or  buckskin 
and  the  resulting  solid  amalgam  is  distilled  to  free  the  gold  from 
mercury. 

Smelting  Processes. — Gold  in  copper  or  lead  ores  is  concen- 
trated during  the  smelting  of  these  ores  into  the  blister  copper 
or  the  work  lead.  It  is  removed  from  these  products,  along  with 
silver  by  the  refining  processes  already  described  under  silver  and 
copper. 

When  both  gold  and  silver  are  thus  obtained,  a  separation  or 
"parting"  is  necessary.  A  common  method  of  doing  this  is 
to  treat  the  gold-silver  alloy  with  boiling  concentrated  sulfuric 
acid.  Silver  dissolves  almost  completely  while  gold  is  unaffected. 
The  gold,  after  removal  of  silver  sulfate  solution,  is  melted, 
refined  and  cast  into  bars.    Electrol3rtic  processes  are  also  used. 

LeacUng  Processes. — The  most  important  wet  methods  for 
gold  extraction  are  '  liion  and  the  q^anide  pro 
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In  the  former,  finely  crushed  gold  ore  containing  the  f« 
metal  is  treated  with  a  solution  of  chlorine  in  water.  Tbiii* 
solves  gold,  forming  gold  chloride,  AuClj.  From  the  Bolutim 
gold  is  precipitated  &&  the  sulfide  by  means  of  hydrogen  vM 

The  cyanide  process,  patented  in  1890  by  McArthur  andFo 
rest,  is  very  widely  used  for  the  treatment  of  low  grade  oresth 
cannot  be  profitably  worked  by  smelting.  It  is  carried  out' 
allowing  the  crushed  ore  to  remain  in  contact  for  a  conadHi 
time  with  a  very  dilute  solution  of  potassium  cyanide,  E 
The  solution  dissolves  both  gold  and  silver  from  the  ore  form 
potassium  aurocyanide,  KAu(NC}),  and  potassium  argentii 
nide,  KAg(NC)s,  The  equations  representing  the  reactioos 
discussed  in  detail  under  the  complex  cyanides  of  gold  {p.  3 
Oxygen  is  essential,  for  the  reaction. 

To  recover  the  precious  metals  the  cyanide  solution  b  pa 
through  boxes  containing  zinc  dust  or  turnings.  Zinc  diasc 
while  the  gold  and  silver  are  precipitated; 

2KAu(NC),  +  Zn  =  KjZnCNC),  +  2Au 
2KAg(NC).  +  Zn  =  K,Zn(NC)4  +  2Ag 

Enormous  quantities  of  gold  have  been  extracted  hy 
cyanide  process  from  the  low-grade  ores  of  South  Africa 
this  has  been  an  imi>ortant  factor  in  cheapeaiag  gold,  and  b 
raising  the  price  of  other  things,  and  thus  baa  contributed  t 
"high  coat  of  living." 

The  gold  production  for  the  United  States  in  191S  was 
891,100  which  is  a  little  more  than  one-fifth  of  tbe,W( 
production. 

Physical  Properties. — Gold  has  a  high  luster  and  a  beai 
yellow  color.  It  melts  at  1,062°  and  has  a  density  of 
It  is  exceedingly  malleable  and  ductile  and  may  be  b( 
out  into  leaves  ^^soiooo  of  an  inch  in  thickness.  Very  1 
divided  gold  usually  has  a  purple  color,  although  red,  blu< 
green  colloidal  solutions  of  the  metal  have  been  obtained.  1 
glass  owes  its  color  to  finely  divided  gold,  as  does  "puri 
Cassius  "  which  appears  to  be  minute  particles  of  gold  intim 
mixed  with  stannic  oxide. 

Gold  is  a  very  good  conductor  of  heat  and  electricity  beii 
ceeded  by  only  silver  and  copper. 
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Chemical  Properties. — Gold  is  even  more  resistant  to  ehernieal 
^tion  than  silver.     It  is  not  altered  by  oxygen  at  ordinary 
^peratures  nor  by  hydrogen  sulfide.     It  is  not  dissolved  by 
'Ji^y  dilute  acid  nor  by  concentrated  nitric  or  sulfuric  acids,  in- 
^^^ting  that  it  requires  a  very  strong  oxidizing  agent  to  cause 
r^^  gold  to  pass  into  the  ionic  state.     This  is  confirmed  by  the 
^^"t  that  it  is  dissolved  by  selenic  acid  which  is  a  most  active 
^^dizing  agent.    The  metal  is  also  dissolved  by  "aqua  regia" 
^  ^tiixture  of  nitric  and  hydrochloric  acids. 
,     This  mixture  evolves  chlorine  and  the  gold  is  transformed  by 
^*  into  chlorauric  acid,  HAuCU,  which  gives  the  complex  ion, 
"^UClI.    The  chlorine,  of  course,  cannot  be  a  stronger  oxidizing 
^Kcnt  than  the  nitric  acid  which  set  it  free,  but  it  has  the  advan- 
^ge  in  this  ca^e  that  the  product  of  the  reaction  is  very  stable, 
^old  is  also  attacked  by  the  fused  hydroxides  and  nitrates  of 
^he  alkali  metals  forming  aurates.    The  soluble  chlorine  com- 
pounds of  gold  are  easily  reduced  by  even  such  feeble  reducing 
^g;ents  as  the  ferrous  salts  or  oxalic  acid. 

Because  of  its  chemical  resistivity,  its  beauty  and  its  compara- 
tive rarity,  gold  has  long  been  used  for  ornaments  and  for  coinage, 
^or  such  purposes,  the  pure  metal  is  too  soft  and  it  is  alloyed  with 
Copper  or  silver,  usually  the  former.  The  gold  coins  of  most 
Countries  contain  90  per  cent,  of  gold  or  are  900  "fine";  those 
trf  England,  however,  contain  91.667  per  cent,  or  are  916.67 
fine.  The  composition  of  gold  alloys  is  often  expressed  in  carats, 
t)ure  gold  being  24  carat  and  18  carat  gold  being  1^4  gold. 

The  Oxides  and  Hydroxides. — Auric  hydroxide  Au(0H)3,  is 
formed  when  sodiimi  hydroxide  is  added  to  an  auric  solution. 
It  acts  both  as  a  weak  base  and  as  a  weak  acid.  When  the 
hydroxide  ia  carefully  heated,  it  goes  over  into  auric  oxide, 
AusOs,  which  at  higher  temperatures  decomposes  into  the 
elements. 

Aurous  hydroxide,  AuOH,  is  formed  by  the  action  of  dilute 
potassium  hydroxide  upon  aurou.«i  chloride.  When  heated  to 
200^  it  is  changed  into  the  oxide,  Aui^'),  and  this  decomposes  at 
260**. 

The  Halogen  CoiiqK>und8  of  Gold. — Gold  will  combine  directly 
with  chlorine  or  bromine  to  form  auric  chloride  or  W 
AuCUf  AuBri.    These  co  ^  combine  with  hydra 
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hydrobromic  acid  or  with  the  corresponding  halide  salta,  fonmif 
chlorauric  or  bromauric  acids  or  their  Baits,  'Hie  sodium  tbli* 
aurate,  NaAuCli-2HsO,  is  a  common  commercial  salt  and  is 
in  photography  as  noted  above  in  the  toning  of  silver  printa 
Chlorauric  acid  is  formed  by  dissolving  gold  in  aqua  regia. 

When  either  the  simple  chloride  or  bromide  or  the  eompla 
acids  are  cautiously  heated,  aureus  chloride  or  bromiJe  If 
formed.  At  still  higher  temperatures,  these  decompose  into  ik 
free  halogen  and  the  metal.  They  are  not  soluble  in  satw, 
but  slowly  decompose  in  contact  with  it  forming  the  auric  com- 
pound and  free  gold.  This  is  much  like  the  behavior  of  spm 
of  the  cuprous  compounds.  Auric  iodide  is  decidedly  unslaWe 
and  passes  easily  into  the  aurous  compound  even  at  ordiiiiii^ 
temperatures. 

Sulfides. — Hydrogen  sul&de  precipitates  a  mixture  of  aurow 
sulfide,  AuiS,  and  auric  sulfide,  AutS)  from  auric  soliitiom 
These  sulfides  are  soluble  in  the  alkaline  sulfides  owing  lo  tbs 
formation  of  the  thioaurites,  KjAuSi,  and  thioaurates,  KAuSi. 
In  this  respect  gold  is  like  antimony,  arsenic,  and  tin. 

The  Complex  Cyanides. — One  of  the  most  important  chemicsl 
properties  of  gold  is  its  ability  to  form  complex  ions  with  cyanfr 
gen;  aurocyanogen,  Au{NC)s~,  and  auricyanogen,  Au(NC)(', 
are  well-known  examples  of  such  ions.  They  are  formed  by  tk 
action  of  an  excess  of  sodium  or  potassium  cyanide  upon  the 
compounds  of  gold.  They  are  very  stable  and  the  solutions  are 
utilized  in  gold  electroplating,  an  anode  of  gold  being  used  ud 
the  object  to  be  plated  being  made  the  cathode. 

The  aurocyanidcs  are  of  especial  importance,  because  it  is 
through  their  formation  that  a  large  part  of  the  gold  is  extracted 
from  its  ores.  This  depends  upon  the  fact  that  finely  divided 
gold  is  dissolved  by  solutions  of  potassium  or  sodium  cyanides 
when  in  contact  with  the  air.  The  equation  for  the  reaction  i 
as  follows: 

4Au  +  8KNC  +  Oa  +  2H2O  =  4KAu(NC),  +  4K0H 

The  reaction  is  really  ionic  so  that  it  succeeds  as  well  irilii 
the  cheaper  sodium  cyanide  as  with  the  more  expensive  potaasun 

Bait. 
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Analytical  Properties  of  Gold. — Gold  may  be  detected  by  its 

eduction  to  the  metallic  state  by  ferrous  salts,  oxlaic  acid,  or 

itannous  chloride.     It  is  almost  invariably  determined  by  the 

assaying  processes.     This  is  often  done  as  follows:  a  weighed 

quantity  of  the  material  containing  gold  is  mixed  with  a  relatively 

large  quantity  of  lead  and  a  little  borax  and  heated  in  a  shallow 

clay  dish  called  a  scorifier  (Fig.  64)  to  a  fairly  high  temperature  in 

contact  with  the  air.    A  part  of  the  lead  and  practically  all  of 

fte  copper  and  other  impurities  in  the  gold  save  the  silver  are 
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assay  furmace 
Fig.  64. 


<ixidized,  and  these  together  with  the  ^^gangue"  form  a  sort  of  a 
glass  with  the  borax  and  the  lead  oxide  which  is  formed.  At  the 
dose  of  this  operation  the  molten  mass  is  poured  into  a  mold  and 
allowed  to  cool.  A  lead  button  containing  the  gold  and  silver  is 
obtained.  This  is  then  heated  to  a  high  temperature  in  contact 
with  the  air  in  a  ''cupel"  or  little  cup  made  of  bone  ash,  the  lead 
oxidizes  and  the  oxide  is  absorbed  in  the  cupel.  There  is  finally 
left  a  button  of  gold  and  silver.  The  silver  is  then  removed  by 
treating  the  alloy  with  nitric  acid  which  does  not  dissolve  the  gold. 
The  fire  assay  is  a  smelting  process  carried  out  on  a  small  scale. 
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Lurally  into  two  sub-grouts, 
liuminum  sub-group.  Tbf 
,  yttriiuu,  and  lanthaDum, 
!  boron,  aluminum,  gallium, 
ts  are  all  trivalent  although 
ition.  As  was  the  case 
(and  in  the  left  hand  column 
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The  elementB  of  t! 
the  rare  earth  i 
members  of  the  ^. 
those  of  the  aluminui 
indium,  and  thalli) 
some  have  other  . 
groups  I  and  II  the  membe™  »iii 
of  the  group  as  it  appears  in  the  periodic  system,  scandium, 
yttrium,  and  lanthanum  are  stronger  bases  than  those  of  the 
aluminum  group  which  arc  on  the  right.  Aluminum  is  the  third 
element  in  the  order  of  abundance  in  the  earth's  crust,  boron  if 
fairly  abundant  and  all  the  other  members  of  the  group  are 
decidedly  rare. 

The  Rare  Earth  Metals.— The  metals  of  the  rare  earths  are 
found  in  a  large  number  of  rare  minerals  each  of  which  contains 
a  great  many  elements.  The  names  of  a  few  of  these  minerals 
are  euxenite,  gadolinite,  orthite,  and  monazite.  Monarite  is 
found  in  considerable  quantities  in  North  and  South  Carolina, 
but  comes  chiefly  from  Brazil.  The  hydroxides  of  the  members 
of  this  sub-group  are  fairly  strong  bases  and  are  not  soluble  in 
excess  of  sodium  or  potassium  hydroxides. 


Scandium 

Scandium   whose   atomic   weight   is   44.1   is   interesting  be- 
cause it  is  one  of  the  elements  whose  existence  and  properties  > 
were   predicted   by   Mendelejeff.     See   p.   272.     Its   hydroxide 
Sc(OH)i  is  a  colorless  gelatinous  precipitate  soluble  in  acids  but 
not  in  bases.     The  salts  are  colorless  and  are  not  especially  j 


hydrolysed.    The  salts  of  the  oxy-acida  as  well  as  of  the  halogen 
acids  are  known. 


Yttrium  has  an  atomic  weight  of  89.  The  metal  decom- 
poses water  slowly,  its  hydroxide  is  colorless  and  gives  colorless 
salts.     It  is  a  stronger  base  than  scandium  hydroxide. 

Lanthandh 

Lanthanum,  La,  atomic  weight  139,  is  an  iron-gray  colored 
metal,  which  is  very  slowly  acted  upon  by  water.  It  dissolves 
in  dilute  acids.  The  hydroxide  is  white  and  somewhat  soluble 
in  water,  the  solution  is  alkaline,  absorbs  carbon  dioxide  and 
decomposes  ammoniimi  salts.  It  ia  the  strongest  base  of  the 
group. 

There  are  aeveral  elements,  some  of  them  of  rather  doubtful 
individuality,  whose  atomic  weights  are  near  to  that  of  lanthanum 
and  which  so  far  as  that  ia  concerned  have  a  claim  on  the  same 
poeition  in  the  periodic  system.  They  have  so  nearly  the  same 
properties  that  it  ia  difficult  to  separate  them.  Ostwald  has 
likened  this  group  of  closely  related  elements  with  about  the 
same  atomic  weight  which  appear  in  the  periodic  system  where 
one  element  might  be  expected,  to  the  planetoids  which  are 
found  in  the  solar  syatem  where  one  large  planet  might  be 
looked  for. 

The  Aluminum  Sub-group. — The  first  member  of  Group  III 
and  of  this  sub-group  is  boron,  atomic  we%ht  11.  This  is  almost 
exclufiively  an  acid-forming  element;  that  is  to  say,  it  does  not 
form  cations,  and  for  that  reason  has  already  been  treated  among 
the  non-metals. 

Aluminum 

General. — Aluminum  is  the  most  abundant  of  the  metals. 
It  is  trivalent,  and  is  Uke  zinc  in  that  its  hydroxide  is  soluble 
both  in  acids  and  in  bases.  In  addition  to  its  fairly  close  rela- 
iioDship  to  the  other  members  of  this  sub-group,  it  is  very  much 
like  ferric  iron  and  trivalent  ehromiimi  as  will  be  seen  when  these 
metala  are  studied. 
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Occurrence. — Aluminum  is  never  found  free  but  its  com- 
pounds are  exceedingly  abundant,  since  it  is  an  essential  conetitu- 
ent  of  nearly  all  rocks  except  the  sand-stones  and  limestooM 
and  is  almost  invariably  present  in  these.  It  is  found  u 
the  double  silicates,  the  feldspars  and  the  micas;  as  the  simple 
silicate  clay;  as  the  double  fluoride  with  sodium  in  crj-olite;  ss 
the  oxide  corundum;  ""  •*■"  i""J-"-ide  and  the  partially  dehy- 
drated hydroxide  in  .>»i  in  many  other  compoundi 
Tlie  ruby  is  aluminu  i  by  a  little  chromium,  thf 
garnet  is  calcium  all  ?,  and  turquoise  is  a  basic 
phosphate. 

Prepaiation  of  tlu  lie  aluminum  is  prepareJ  bv 

the  electrolysis  of  hii  uninum  oxide  dissolved  in  s 
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molten  bath  the  basis  of  which  is  ciyoUte,  NaiAlF*.  Tte 
electrolysis  is  carried  out  in  iron  cells  (Fig.  65)  lined  with  cartwn 

which  is  made  the  cathode,  the  anodes  being  large  carbon  rods, 
The  current  is  high,  about  10,000  amp.  per  cell,  while  the  drop 
of  potential  around  the  cell  is  about  5  volts.  The  bath  is  kept 
melted  by  the  heat  produced  by  the  current  in  overcoming  the 
resistance.  Upon  electrolysis  after  the  addition  of  the  oxide, 
the  metal  collects  at  the  cathode  and  runs  down  to  the  bottom 
of  the  cell  while  oxygen  is  evolved,  and  combines  largely  with  tbe 
carbon  anodes.  As  the  process  goes  on  more  aluminum  oxide  is 
added  from  time  to  time,  and  the  metal  is  tapped  off  so  that  the 
operation  is  continuous.  This  process  differs  materially  from 
most  metallurgical  operations  in  that  it  is  impracticable  to  purify 
the  product,  and  so  it  is  necessary  to  start  with  the  very  pures 
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raw  material.  The  aluminum  oxide  is  made  from  bauxite,  and 
the  simplest  process  for  its  purification  is  to  melt  the  bauxite  in  an 
electric  furnace  with  the  proper  amount  of  carbon.  This  reduces 
the  oxides  of  iron,  silicon,  and  titanium  which  are  present  and 
leaves  the  aluminum  oxide  untouched.  The  metallic  alumi- 
num is  very  pure,  often  running  99.9  per  cent. 

Physical  Properties. — Aluminum  is  a  white  metal  with  a  bluish 
cast.  It  melts  at  658^  and  has  a  density  of  2.7  becoming  2.72  if  it 
is  hammered  or  rolled.  The  cast  aluminiun  is  about  as  hard  as 
pure  silver  while  the  hammered  is  as  hard  as  soft  iron.  Its  tensile 
strength  is  high  although  much  lower  than  that  of  steel.  It  is 
malleable  and  ductile  and  may  be  rolled  or  hammered  into  very 
thin  sheets  or  drawn  into  fine  wire.  It  is  best  worked  at  100  to 
150**.  At  temperatures  near  its  melting-point  it  becomes  so 
brittle  that  it  may  be  easily  powdered  in  a  mortar.  It  is  not 
readily  worked  in  a  lathe,  but  many  of  its  alloys  are. 

Alloys  with  magnesium  known  as  magnaliimi  are  very  Ught, 
easily  machined  and  fairly  strong.  Aluminum  bronze  has  al- 
ready been  discussed  under  copper. 

Pure  aluminum  has  a  high  conductivity  for  electricity,  about 
two-thirds  that  of  copper  for  conductors  of  equal  cross-section, 
but  since  the  density  of  aluminum  is  so  much  smaller  than  that 
of  copper,  an  aluminum  conductor  will  weigh  less  than  a  copper 
conductor  of  equal  carrying  capacity. 

Chemical  Properties. — MetaUic  aluminum  is  really  a  very 
active  element  and  passes  into  its  compounds  with  a  great 
decrease  in  free  energy,  and  yet  it  acts  in  the  main  like  a  rather 
inert  metal.  It  seems  not  to  be  acted  upon  by  air  or  water  or 
many  other  chemical  agencies.  But  this  indifference  is  apparent 
rather  than  real  and  is  due  to  the  formation  of  a  very  thin> 
closely  adhering  film  of  the  oxide  which  acts  as  a  sort  of  varnish, 
and  in  a  great  measure  protects  the  metal  from  further  attack. 
Aluminiun  may  be  amalgamated  by  contact  with  solutions  of 
mercuric  chloride.  The  aluminum  oxide  seems  to  be  unable  to 
cling  to  the  surface  of  the  fluid  or  semi-fluid  almninum  amalgam, 
and  the  latter  shows  the  real  activity  of  the  metal.  It  is  rapidly 
acted  upon  by  air  and  water  giving  hydrogen  and  aluminum 
hydroxide. 

Aluminum  dissolves  in  solutions  of  sodium  hydroxide  with  the 
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evolution  of  hydrogen.  Hie  explanatioD  for  tiua  aetioo  »&■! 
in  the  fact  that  sodium  hydroxide  will  dioedve  ah 
and  therefore  it  is  supposed  that  it  removes  the  proteethig  fll 
from  the  surface  of  the  metal  and  allows  the  latter  to 
activity.  Because  of  this  protecting  film,  massive  all 
but  superficially  attacked  even  at  high  temperatures  by  the  m 
The  powdered  metal,  however,  will  bum  with  a  very  bri^t  li^ 
when  blown  into  a  flame  especially  if  carried  by  a  stream  of  axj- 
gen.  It  is  sometimes  used  in  flashlight  powders.  Aluminum  di*- 
solves  readily  in  hydrochloric  acid,  not  so  eauly  in  dilute 
and  very  slowly  in  dilute  nitric.  In  the  two  former  cases,  fay^ 
gen  is  evolved  while  in  the  latter,  ammonium  salts  are  prodwei 
The  difference  in  the  rate  of  attack  is  probably  connected  with 
the  film  inentioned  above.  Another  phenomenoQ  whidi  ii 
probably  due  to  this  is,  that  if  a  piece  of  aluminum  is  made  soodB 
in  certain  salt  solutions,  sodium  sulfate,  carbonate,  pboepbafe, 
etc.,  it  will  not  allow  a  current  to  pass  until  a  certain  potential  is 
reached,  which  in  the  case  of  the  phosphate  is  300-400  volts; 
while  if  it  is  made  the  cathode,  the  current  passes  easily  at  a  low 
voltage.  The  aluminum  electrode  changes  its  properties  verj' 
rapidly  with  the  change  in  the  direction  of  the  current,  and  this 
property  may  be  made  the  basis  of  a  method  for  changing  u 
alternating  into  a  direct  current.  It  is  also  of  use  in  certain  ktnda 
of  lightning  arrestors. 

Aluminum  is  trivalent  in  all  of  its  compounds.  Its  hydroxide 
acts  both  as  an  acid  and  as  a  base  and  therefore  cannot  be  strong 
in  either  way,  consequently  both  classes  of  salts  are  hydrolyied 
to  a  certain  degree. 

The  atomic  weight  of  aluminum  is  27.1. 

Goldschmidt  Process.— The  most  striking  chemical  property 
of  aluminum  is  its  great  tendency  to  combine  with  oxygen.  A« 
mentioned  above  this  is  generally  concealed  by  the  film  of  oxide, 
but  under  the  proper  conditions,  aluminum  will  reduce  all  other 
oxides  except  magnesium.  To  bring  this  about,  the  oxide  to 
be  reduced  is  mixed  in  the  proper  proportions  with  powdered 
aluminum  (Fig.  66)  and  the  mixture  heated  at  one  point  to  a 
high  temperature  by  burning  magnesium  or  a  mixture  of  mag- 
nesium and  potassium  chlorate,  when  a  very  v^rous  reactioo 
takes  place  which  spreads  through  the  entire  mixture.    Tba 


GROUP  III 


397 


perature  attained  is  usually  high  enough  to  melt  the  other 
al  and  the  aluminum  oxide.  Naturally  it  varies  with  the 
le  reduced.  The  process  was  invented  by  Goldschmidt  and 
ed  by  him  "Aluminothermy"  and  the  mixtures  "thermite." 
ly  are  used  both  to  get  high  temperatures  and  pure  metals. 
I  equation  for  the  reaction  with  ferric  oxide  is, 

PeiO,  +  2A1  =  2Fe  +  A1,0, 

liis  reaction  produces  a  temp^Ature  of  3,000°  and  is  often 
i  for  welding  operations  and  in  the  repair  of  breaks  in  large 
ings  or  forgings.  It  can  be  used  almost  anywhere  and  has 
(fed  to  be  rf  very  great  benefit  for  making  repairs  at  a  dis- 
ze  from  a  machine  shop.  With  sulfides,  a  very  similar  reac- 
1  takes  place,  aluminum 
ide,  AltSi,  and  the  metal 
ig  formed. 

.laminum  Oxide  and 
dr  oxide. — Aluminum 
le,  AltOi,  or  alumina  as  it 
)ften  called,  is  found  in 
are  in  the  mineral  corun- 
a.  When  colored  red  by 
omium  it  is  called  ruby, 
sn  blue,  sapphire.  Corun- 
a  mixed  with  magnetite  is 
ed  emery.  Corundum  is 
t  to  diamond  and  carborun- 

a  (silicon  carbide)  in  hardness,  and  le  used  for  making  wheels 
grinding.  Aluminum  oxide  which  haa  been  fused  in  sn  elec- 
fumace  is  identical  with  corundum  and  is  now  being  used 
ead  of  the  mineral  under  the  name  "alundum  "  Artificial 
ies  which  are  identical  with  the  natural  stone?,  are  made  by 
ng  a  mixture  of  aluminum  oxide  and  a  chromium  compound. 
Juminum  hydroxide  is  found  in  nature  in  the  mineral  hydrar- 
ite,  A1{0H)»,  and  may  be  made  in  the  laboratory  by  the 
litioQ  of  a  solution  of  a  base  or  of  a  carbonate  to  a  solution  of 
aluminum  salt.    It  is  not  soluble  in  ''^solved  by 

Is  and  by  strong  bases,  resembling  t  beryllium 

I  one  in  this  respect.    It  differs  ft  in  that 
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it  18  very  slightly  soluble  in  ammonium  hydroxide.  The  h- 
droxide  dissolves  in  acids  because  of  the  usual  dissociation  ol  tb 
bases  into  the  cation  and  hydroxyl  the  concentration  of  theUttti 
being  decreased  by  the  hydrogen.  The  bases  dissolve  it,  i)«iu« 
it  splits  off  the  hydrogen  ion  and  forms  the  aluminate  ion  -MOi' 

Al(OH)ai^H+  +  H,0  +  AlOt- 

The  hydroxyl  ion  of  the  ites  with  the  hydrogen  i« 

and  decreases  its  concentra  The  salts  formed  are  alumi' 

nates.     Sodium  alumj  lorresponding  potassium  ssll, 

NaAlOi  and  KAlOt,  «  water,  but  are  highly  liydw- 

lysed  because  alumtm;  is  a  very  weak  acid.    Mia 

of  the  aluininates  ar  many  are  found  in  Datun: 

those  of  the  bivalent  mnta  i  spinels  from  the  ma^itsiux' 

aluminate,  spinel,  T^  is  the  typical  mineral  of  ^ 

class. 

Because  of  the  great  weakness  of  aluminum  hydroside  as » 
base,  aluminum  carbonate  does  not  exist,  and  aluminum  hy- 
droxide is  precipitated  upon  the  addition  of  carbonates  to  soln- 
tion  of  aluminum  salts.  Obviously  salts  of  other  weak  aoiJj 
will  work  in  the  same  way  and  Al(OH}j  is  precipitated  by 
solutions  of  alkali  sulfides  and  cyanides. 

Aluminum  Chloride. — Aluminum  chloride,  AlCla,  is  the  moS 
important  of  the  artificially  prepared  halogen  compounds  oi 
aluminum.  It  may  be  obtained  in  the  form  of  a  crystallim 
hydrate,  AlCU  6H1O,  from  solutions  prepared  by  dissolvmg  the 
hydroxide  or  metal  in  hydrochloric  acid.  When  heated  to  dri« 
off  the  water,  the  chloride  is  completely  decomposed,  aluminiuo 
oxide  and  hydrochloric  acid  being  formed.  Tho  anhydrous 
chloride  may  be  obtained  by  heating  the  metal  in  chlorine  oc 
in  hydrogen  chloride.  It  is  a  white  crystalline  solid  vrbiA 
sublimes  without  melting  and  fumes  when  exposed  to  moist  air- 
The  anhydrous  salt  is  used  in  organic  chemistry  as  a  catalytic  agent. 

Because  aluminum  hydroxide  is  a  weak  base  the  solutJooi  o( 
aluminum  salts,  including  the  chloride,  are  acid  in  reaction  from 
hydrolysis,  and  generally  can  be  kept  clear  only  in  the  preseaec 
of  an  excess  of  acid. 

Aluminum  Sulfate. — Aluminum  sulfate,  Alt(804}fl8HtO,  >< 
made  on  a  large  scale  from  sulfuric  acid  and  eithra*  aluminun 
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ide  or  aluminum  silicate,  HsAlsCSiOOsHsO  or  kaolin  as 
ben  called.  At  the  present  time,  the  hydroxide  is  more 
nly  used.  It  is  very  soluble  in  water  and  the  solution 
because  of  hydrolysis.  Its  trade  name  is  "concentrated 
It  is  used  as  a  mordant  in  dyeing,  in  sizing  paper 
ent  the  spreading  of  ink,  and  in  clarifying  water.  When 
ion  of  potassium  sulfate  is  added  to  a  strong  solution  of 
im  sulfate,  octahedral  crystals  of  a  double  salt  named 
KAl(S04)2l2H20,  are  formed.  This  is  the  type  of  a 
large  number  of  double  salts  which  are  isomorphous 
e  called  alums.  To  distinguish  it  from  the  others,  it 
[ly  called  potassium  alum.  The  alums  have  the  general 
i  M+M++'*"  (AOOi  121120  in  which  M+  represents  any 
r  of  the  alkali  metals  except  lithium  and  in  addition 
ium,  silver,  and  monovalent  thallium;  M"*""*"**  stands 
aiinum,  gaUium,  indium,  trivalent  iron,  chromium,  and 
lese;  and  finally  A  may  be  either  sulfur  or  selenium, 
iminum  alums  are  distinguished  by  prefixing  the  name  of 
Qovalent  metal  while  in  the  case  of  the  other  alums  both 
10-  and  trivalent  metals  are  named,  for  example,  potassium 

alum,   KCr(S04)2l2H20.    The  I2H2O  is  an  essential 

an  alum.  Double  sulfates  are  known  which  differ  from 
)nly  in  this  respect  and  yet  they  are  not  alums.  Since 
ms  are  isomorphous  they  can  all  form  mixed  cr3r8tals  and 

crystal  may  contain  a  large  number  of  elements, 
^ium  alum  is  the  most  important  alum;  it  was  formerly 
st  important  aluminum  salt  but  has  now  been  largely 
i  by  the  sulfate.  It  may  be  prepared  by  roasting  alunite, 
alum  found  in  Italy,  Hungary,  and  in  southwestern  United 
ind  extracting  with  hot  water.     The  crystals  melt  or  dis- 

their  own  water  at  92®. 

ions  of  alum  are  acid  and  will  react  with  carbonates  and 
nates  with  the  evolution  of  carbon  dioxide,  the  precipita- 
aluminum  hydroxide  and  the  formation  of  a  solution  of 
ates  of  potassium  and  the  metal  of  the  carbonate.  It  is 
is  property  that  its  use  in  cheap  baking  powders  depends, 
uble  sulfates  formed  impart  a  strong  bitter  taste  to  the 
i  the  use  of  such  powders  is  objectionable  on  this  account, 
0  other.     A  solution  of  alum  ir""        Mve  a  considerable 
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it  18  very  slightly  soluble  in  ammonium  hydroride.    The  1 
droxide  dissolves  in  acids  because  of  the  usual  dissociation  of 
baaea  into  the  cation  and  hydroxyl  the  concentration  of  thelsl 
being  decreased  by  the  hydrogen.     The  bases  dissolve  it,  hKVM 
it  splits  off  the  hydrogen  ion  and  forms  the  aluminate  ioD  AlOi" 


The  hydroxyl  ion  of  the 
and  decreases  its  co""""' 
nates.     Sodium  aluc 
NaAlOa  and  KAIO,; 
lysed  because  aluminum 
of  the  aluminates  are 
those  of  the  bivak       ' 
aluminate,  spinel,  i\ 


H,0  +  AlOr 

litee  with  the  hydrogen  ia 
The  salts  formed  arc  almn- 
corresponding  potassium  asl^ 
water,  but  are  highly  hydi» 
!  is  a  very  weak  acid.  Mo4 
d  many  are  found  in  nalim] 
id  spinels  from  the  magneaoB 
h  is  the  typical  mineral  rf  tta' 


Because  of  the  great  weakness  of  aluminum  hydroxide  m  i , 
base,  aluminum  carbonate  does  not  exist,  and  aluminum  hj- 
droxide  ia  jirccipitated  upon  the  addition  of  carbonates  to  solu- 1 
tion  of  aluminum  salts.  Obviously  salts  of  other  weak  sdJa' 
will  work  in  the  same  way  and  Al(OH)j  is  precipitated  iff; 
solutions  of  alkali  sulfides  and  cyanides. 

Aluminum  Chloride. — Aluminum  chloride,  AlCU,  is  the  m(rt: 
important  of  the  artificially  prepared  halogen  compounds  c^ ,; 
aluminum.  It  may  be  obtained  in  the  form  of  a  crystalliiw 
hydrate,  AlClj  6H3O,  from  solutions  prepared  by  dissolving  tlw 
hydroxide  or  metal  in  hydrochloric  acid.  When  heated  todri« 
off  the  water,  the  chloride  is  completely  decomposed,  aluminuio , 
oxide  and  hydrochloric  acid  being  formed.  The  anhydroi* 
chloride  may  be  obtained  by  heating  the  metal  in  chlorine  a 
in  hydrogen  chloride.  It  ia  a  white  crystalline  solid  viaA  I 
sublimes  without  melting  and  fumes  when  exposed  to  moist  «r 
The  anhydrousaal  t  is  used  in  organic  chemistry  as  a  catalytic  agenl'  | 

Because  aluminum  hydroxide  is  a  weak  base  the  solutions  »  1 
aluminum  salts,  including  the  chloride,  are  acid  in  reactioi 
hydrolysi.s,  and  generally  can  be  kept  clear  only  in  the  prt 
of  an  excess  of  acid. 

Aluminum  Sulfate. — Aluminum  sulfate,  AliCSOOi"! 
made  on  a  lai^e  scale  from  sulfuric  acid  and  either  an 
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^<litndde  or  aluminum  silicate,  HiAlsfSiOOi  HiO  or  kaolin  as 
18  often  called.  At  the  present  time,  the  hydroxide  is  more 
QUnonly  used.  It  is  very  soluble  in  water  and  the  solution 
Mid  because  of  hydrol3r8is.  Its  trade  name  is  ''concentrated 
^xn"  It  is  used  as  a  mordant  in  dyeing,  in  sizing  paper 
prevent  the  spreading  of  ink.  and  in  clarifjing  water.  When 
solution  of  potassium  sulfate  is  added  to  a  strong  solution  of 
Uninum  sulfate,  octahedral  crystals  of  a  double  salt  named 
Un,  KAl(SOi)s'12HtO,  are  formed.  This  is  the  type  of  a 
ftier  large  number  of  double  salts  which  are  isomorphous 
d  are  caUed  alums.  To  distinguish  it  from  the  others,  it 
usually  called  potassium  alum.  The  alums  have  the  general 
rmula  M+M+++  (A04)i-12HiO  in  which  M-*"  represents  any 
amber  of  the  alkali  metals  except  lithium  and  in  addition 
omonium,  sQver,  and  monovalent  thallium;  M'^'^'*'  stands 
r  aluminum,  gallium,  indium,  trivalent  iron,  chromium,  and 
Bnganese;  and  finally  A  may  be  either  sulfur  or  selenium. 
he  aluminum  alums  are  distinguished  by  prefixing  the  name  of 
le  monovalent  metal  while  in  the  case  of  the  other  alums  both 
lemono-  and  trivalent  metals  are  named,  for  example,  potassium 
irome  alum,  ECr(S04)2  I2H2O.  The  I2H2O  is  an  essential 
■rt  of  an  alum.  Double  sulfates  are  known  which  differ  from 
bms  only  in  this  respect  and  yet  they  are  not  alums.  Since 
he  alums  are  isomorphous  they  can  all  form  mixed  crystals  and 
'  KQ^  crystal  may  contain  a  large  number  of  elements. 
Potassium  alum  is  the  most  important  alum;  it  was  formerly 
k  most  important  alimainum  salt  but  has  now  been  largely 
Maced  by  the  sulfate.  It  may  be  prepared  by  roasting  alunite, 
haaic  alum  found  in  Italy,  Hungary'',  and  in  southwestern  United 
'Wcs  and  extracting  with  hot  water.  The  cr>'stals  melt  or  dis- 
've  in  their  own  water  at  92°. 

Solutions  of  alum  are  acid  and  will  react  with  carbonates  and 
Carbonates  with  the  evolution  of  carbon  dioxide,  the  precipita- 
Hi  of  aluminiun  hvdroxide  and  the  formation  of  a  solution  of 
e  sulfates  of  potassium  and  the  metal  of  the  carbonate.  It  is 
Km  this  property  that  its  use  in  cheap  baking  powders  depends. 
18  soluble  sulfates  formed  impart  a  strong  bitter  taste  to  the 
od  and  the  use  of  such  powders  is  objectionable  on  this  account, 
for  no  other.     A  solution  of  alum  will  diaar*      ^  ^considerable 
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it  is  very  slightly  soluble  in  ammonium  hydroxide.  The  bj- 
drcndde  dissolves  in  acids  because  of  the  usual  dissociation  of  tht 
bases  into  the  cation  and  hydroxyl  the  concentration  of  thel&tts 
being  decreased  by  the  hydrogen.  The  bases  dissolve  it,  beai* 
it  splits  off  the  hydrogen  ion  and  forms  the  aluininate  ion  .UOi', 

Al(OH),f±H+  A-  H,0  +  AlOr 

The  hydroxyl   ion  of  the       i  ites  with  the  hydrogen  ia 

and  decreases  its  concentra  The  salts  formed  are  ^uini' 

nates.     Sodium  aluminate  orresponding  potassium  saU. 

NaAlOj  and  KAlOi,  are  st  water,  but  are  highly  hydrf 

lyeed  because  aluminum  i  is  a  very  weak  acid.    Mc* 

of  the  aluminates  are  inso  many  are  found  in  nature; 

l^ose  of  the  bivalent  metain  >L'  1  spinels  from  the  magBesiuo 

aluminate,  spinel,  Mg(Al(  is  the  typical  mineral  of  tto 

class. 

Because  of  the  great  weakness  of  aluminum  hydroxide  ass 
base,  aluminum  carbonate  does  not  exist,  and  aluminum  hy- 
droxide is  precipitated  upon  the  addition  of  carbonates  to  solu- 
tion of  aluminum  salts.  Obviously  salts  of  other  weak  aci* 
will  work  in  the  same  way  and  AI(OH)i  is  precipitated  k' 
solutions  of  alkali  sulfides  and  cyanides. 

Aluminum  Chloride. — Aluminum  chloride,  AlClj,  is  the  most 
important  of  the  artificially  prepared  halogen  compounds  d 
aluminum.  It  may  be  obtained  in  the  form  of  a  crystalliM 
hydrate,  AlClj  6HjO,  from  solutions  prepared  by  dissolving  Ux 
hydroxide  or  metal  in  hydrochloric  acid.  When  heated  to  drive 
off  the  water,  the  chloride  is  completely  decomposed,  alumiuuB 
oxide  and  hydrochloric  acid  being  formed.  The  ardiydtoua 
chloride  may  be  obtained  by  heating  the  metal  in  chlorine  or 
in  hydrogen  chloride.  It  is  a  white  crystalline  solid  whirh 
sublimes  without  melting  and  fumes  when  exposed  to  moist  ait. 
The  anhydrous  salt  is  used  in  organic  chemistry  as  a  catalytic  agent. 

Because  aluminum  hydroxide  is  a  weak  base  the  solutions  of 
aluminum  salts,  including  the  chloride,  are  acid  in  reaction  frcro 
hydrolysis,  and  generally  can  be  kept  clear  only  in  the  presence 
of  an  excess  of  acid. 

Aluminum  Sulfate. — Aluminum  sulfate,  AltCSOOi'lSHiO 
made  on  a  large  scale  from  sulfuric  acid  and  either  alumii 
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3dde  or  aluminum  silicate,  HsAlsCSiOOsHsO  or  kaolin  as 
)ften  called.  At  the  present  time,  the  hydroxide  is  more 
only  used.  It  is  very  soluble  in  water  and  the  solution 
I  because  of  hydrolysis.  Its  trade  name  is  '^  concentrated 
'  It  is  used  as  a  mordant  in  dyeing,  in  sizing  paper 
vent  the  spreading  of  ink,  and  in  clarifying  water.  When 
tion  of  potassium  sulfate  is  added  to  a  strong  solution  of 
iiun  sulfate,  octahedral  crystals  of  a  double  salt  named 
KAl(S04)2l2HaO,  are  formed.  This  is  the  type  of  a 
large  number  of  double  salts  which  are  isomorphous 
re  called  alums.  To  distinguish  it  from  the  others,  it 
ally  called  potassium  alum.  The  alums  have  the  general 
la  M+M+++  {kO^rVlYliO  in  which  M+  represents  any 
er  of  the  alkali  metals  except  lithium  and  in  addition 
nium,  silver,  and  monovalent  thallium;  M+"*"*"  stands 
iminum,  gallium,  indium,  trivalent  iron,  chromium,  and 
inese;  and  finally  A  may  be  either  sulfur  or  seleniiun. 
Iimiinum  alums  are  distinguished  by  prefixing  the  name  of 
Dnovalent  metal  while  in  the  case  of  the  other  aliuns  both 
)no-  and  trivalent  metals  are  named,  for  example,  potassium 
e  alum,  KCr(S04)2l2H,0.  The  I2H2O  is  an  essential 
f  an  alum.  Double  sulfates  are  known  which  differ  from 
only  in  this  respect  and  yet  they  are  not  alums.  Since 
ims  are  isomorphous  they  can  all  form  mixed  crystals  and 
e  crystal  may  contain  a  large  niunber  of  elements, 
issium  alum  is  the  most  important  alum;  it  was  formerly 
ost  important  aluminum  salt  but  has  now  been  largely 
Bd  by  the  sulfate.  It  may  be  prepared  by  roasting  alunite, 
5  alum  found  in  Italy,  Hungary,  and  in  southwestern  United 
and  extracting  with  hot  water.  The  crystals  melt  or  dis- 
n  their  own  water  at  92**. 

itions  of  alum  are  acid  and  will  react  with  carbonates  and 
onates  with  the  evolution  of  carbon  dioxide,  the  precipita- 
l  aluminum  hydroxide  and  the  formation  of  a  solution  of 
Ifates  of  potassium  and  the  metal  of  the  carbonate.  It  is 
his  property  that  its  use  in  cheap  baking  powders  depends. 
)luble  sulfates  formed  impart  a  strong  bitter  taste  to  the 
id  the  use  of  such  powders  is  objectionable  on  this  account, 
no  other.     A  solution  of  alum  will  dissolvA  a  considerable 
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it  IB  very  subtly  soluble  in  ammonium  hydroxide.  The  h^ 
droxide  dissolves  in  acids  because  of  the  usual  dissooiation  of  tin 
bases  into  the  cation  and  hydroxyl  the  ooncentration  of  the  latta 
being  decreased  by  the  hydri^n.  The  bases  dissolve  it,  becatu 
it  splits  off  the  hydrogen  ion  and  forms  the  aluminate  ion  AlOr, 

Al{0H),5=tH+  +  H,0  +  A10.~ 

The  hydroxyl  ion  of  the  base  unites  with  the  hydrogen  ion 
and  decreases  ita  concentration.  The  salts  formed  are  alniat- 
nates.  Sodium  aluminate  and  the  corresponding  potassiuni  salt, 
KaAlOi  and  KAlOi,  are  soluble  in  water,  but  are  highly  hydro- 
lyzed  because  aluminum  hydroxide  is  a  very  weak  acid.  Moat 
of  the  aluminates  are  insoluble  and  many  are  found  in  nature; 
those  of  the  bivalent  metals  are  called  spinels  from  the  magneeium 
aluminate,  spinel,  Mg(A10])i,  which  ia  the  typical  mineral  of  the 
class. 

Because  of  the  great  weakness  of  aluminum  hydroxide  as  a 
base,  aluminum  carbonate  does  not  exiat,  and  aluminum  hy- 
droxide is  precipitated  upon  the  addition  of  carbonates  to  boIq- 
tion  of  aluminum  salts.  Obviously  salts  of  other  weak  acids 
will  work  in  the  same  way  and  Al(OH)i  is  precipitated  by 
solutions  of  alkali  sulfides  and  cyanides. 

Aluminum  Chloride. — Aluminum  chloride,  AICI3,  ia  the  most 
important  of  the  artificially  prepared  halogen  compounds  of 
aluminum.  It  may  be  obtained  in  the  form  of  a  crystaUioe 
hydrate,  AlClj  6HjO,  from  solutions  prepared  by  dissolving  the 
hydroxide  or  metal  iii  hydiochlorie  acid.  When  heated  to  drive 
off  the  water,  the  chloride  is  completely  decomposed,  aluminum 
oxide  and  hydrochloric  acid  being  formed.  The  anhydrooa 
chloride  may  be  obtained  by  heating  the  metal  in  chlorine  or 
in  hydrogen  chloride.  It  is  a  white  crystaUine  solid  which 
sublimes  without  melting  and  fumes  when  exposed  to  moist  air. 
The  anhydrous  salt  is  used  in  organic  chemistry  as  a  catalytic  agent. 

Because  aluminum  hydroxide  is  a  weak  base  the  solutions  of 
aluminum  salts,  including  the  chloride,  are  acid  in  reaction  fitxD 
hydrolysis,  and  generally  can  be  kept  clear  only  in  the  preseDce 
of  an  excess  of  acid. 

Aluminum  Sulfate.-^Aluminum  sulfate,  AU(804)i-18HiO,  is 
made  on  a  large  scale  from  sulfuric  acid  and  either  aluminum 
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droxide  or  aluminum  silicate,  HsAlsCSiOOs'HsO  or  kaolin  as 
is  often  called.  At  the  present  time,  the  hydroxide  is  more 
mmonly  used.  It  is  very  soluble  in  water  and  the  solution 
acid  because  of  hydrolysis.  Its  trade  name  is  '' concentrated 
im."  It  is  used  as  a  mordant  in  dyeing,  in  sizing  paper 
prevent  the  spreading  of  ink,  and  in  clarifying  water.  When 
solution  of  potassium  sulfate  is  added  to  a  strong  solution  of 
uninum  sulfate,  octahedral  crystals  of  a  double  salt  named 
im,  KAl(S04)2l2HaO,  are  formed.  This  is  the  type  of  a 
^her  large  number  of  double  salts  which  are  isomorphous 
d  are  called  alums.  To  distinguish  it  from  the  others,  it 
usually  called  potassium  alum.  The  alums  have  the  general 
mula  M+  M+++  (AOO^lSHjO  in  which  M+  represents  any 
imber  of  the  alkali  metals  except  lithiiun  and  in  addition 
imonium,  silver,  and  monovalent  thallium;  M+++  stands 
'  aluminum,  gallium,  indium,  trivalent  iron,  chromium,  and 
mganese;  and  finally  A  may  be  either  sulfur  or  selenium, 
le  aluminum  alums  are  distinguished  by  prefixing  the  name  of 
3  monovalent  metal  while  in  the  case  of  the  other  alums  both 
3  mono-  and  trivalent  metals  are  named,  for  example,  potassium 
rome  alum,  KCr(S04)2l2H20.  The  I2H2O  is  an  essential 
rt  of  an  alum.  Double  sulfates  are  known  which  differ  from 
mas  only  in  this  respect  and  yet  they  are  not  alums.  Since 
3  alums  are  isomorphous  they  can  all  form  mixed  crystals  and 
lingle  crystal  may  contain  a  large  number  of  elements. 
Potassium  alum  is  the  most  important  alum;  it  was  formerly 
3  most  important  aluminum  salt  but  has  now  been  largely 
)laced  by  the  sulfate.  It  may  be  prepared  by  roasting  alunite, 
lasic  alum  found  in  Italy,  Hungary,  and  in  southwestern  United 
ites  and  extracting  with  hot  water.  The  crystals  melt  or  dis- 
ve  in  their  own  water  at  92**. 

Solutions  of  alum  are  acid  and  will  react  with  carbonates  and 
larbonates  with  the  evolution  of  carbon  dioxide,  the  precipita- 
n  of  aluminum  hydroxide  and  the  formation  of  a  solution  of 
I  sulfates  of  potassium  and  the  metal  of  the  carbonate.  It  is 
on  this  property  that  its  use  in  cheap  baking  powders  depends, 
e  soluble  sulfates  formed  impart  a  strong  bitter  taste  to  the 
d  and  the  use  of  such  powders  is  objectionable  on  this  account, 
*or  no  other.     A  solution  of  aliun  will  dissolve  a  considerable 
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it  IB  very  slightly  soluble  in  ammonium  hydroxide.  7^  iy^ 
droxide  dissolves  in  acids  because  of  the  usual  dtasociation  trf  till 
bases  into  the  cation  and  hydroxy!  the  concentration  of  tiieltttK 
being  decreased  by  the  hydrogen.  The  bases  dissolve  it,  becsn 
it  splits  off  the  hydrogen  ion  and  forms  the  aluminate  ion  AlOr 

Al(OH),faH+  +  HiO  +  AlO," 

The  hydroxyl  ion  of  the  base  unites  with  the  hydrogen  iit 
and  decreases  its  concentration.  The  salts  formed  are  alnmi- 
nates.  Sodium  aluminate  and  the  corresponding  potassium  t^ 
NaAlOi  and  KAlOt,  are  soluble  is  water,  but  are  h^^y  bydi» 
lyeed  because  aluminimi  hydroxide  is  a  very  weak  acid.  Modi 
of  the  aluminates  are  insoluble  and  many  are  found  in  n 
those  of  the  bivalent  metals  are  called  spinels  from  the  magnMiDB 
aluminate,  spinel,  Mg(A10t)t,  which  is  the  typical  mineral  of  ^ 
class. 

Because  of  the  great  weakness  of  aluminum  hydroxide 
base,  aluminum  carbonate  does  not  exist,  and  aluminum  hy- 
droxide is  precipitated  upon  the  addition  of  carbonates  to  solu- 
tion of  aluminum  salts.  Obviously  salts  of  other  weak  aei* 
will  work  in  the  same  way  and  Al(OH)j  is  precipitated  bj 
solutions  of  alkali  aulfidcs  and  cyanides. 

Aluminum  Chloride.^Aluminum  chloride,  AlCIj,  is  the  nwrt 
important  of  the  arti6cially  prepared  halogen  compounds  li 
aluminum.  It  may  be  obtained  in  the  form  of  a  crystalliw 
hydrate,  AlCU  OHsO,  from  solutions  prepared  by  disaolvii^  tiif 
hydroxide  or  uipLiI  in  liydrochlnric  acid.  \Vhen  heated  to  drive 
off  the  water,  the  chloride  ia  completely  decomposed,  altuninUD 
oxide  and  hydrochloric  acid  being  formed.  The  anhydrooJ 
chloride  may  be  obtained  by  heating  the  metal  in  chlorine « 
in  hydrogen  chloride.  It  is  a  white  crystalline  solid  wbidi 
sublimes  without  melting  and  fumes  when  exposed  to  m<HBt  air- 
The  anhydrous  salt  is  used  in  organic  chemistry  asacatalyticagent- 

Because  aluminum  hydroxide  is  a  weak  base  the  Bolutioni  of 
aluminum  salts,  including  the  chloride,  are  acid  in  reaction  from 
hydrolysis,  antl  generally  can  be  kept  clear  only  in  the  presence 
of  an  excess  of  acid. 

Aluminum  Sulfate. — Aluminum  sulfate,  Alt(SO<)cl8HiO,  is 
made  on  a  large  scale  from  sulfuric  acid  and  either  aluminum 
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ydroxide  or  aluminum  silicate,  HsAlzCSiOOs  HsO  or  kaolin  as 
i  is  often  called.  At  the  present  time,  the  hydroxide  is  more 
ommonly  used.  It  is  very  soluble  in  water  and  the  solution 
iadd  because  of  hydrolysis.  Its  trade  name  is  ''concentrated 
Itim."  It  is  used  as  a  mordant  in  dyeings  in  sizing  paper 
>  prevent  the  spreading  of  ink,  and  in  clarifying  water.  When 
solution  of  potassiiun  sulfate  is  added  to  a  strong  solution  of 
uminuTn  sulfate,  octahedral  crystals  of  a  double  salt  named 
Um,  KAl(SOi)2l2HaO,  are  formed.  This  is  the  type  of  a 
tiler  large  number  of  double  salts  which  are  isomorphous 
id  are  called  alums.  To  distinguish  it  from  the  others,  it 
usually  called  potassium  alum.  The  alums  have  the  general 
vmula  M+M+++  (AO4)  2  121120  in  which  M+  represents  any 
lember  of  the  alkali  metals  except  lithium  and  in  addition 
Qomonium,  silver,  and  monovalent  thallium;  M"*" "•""*"  stands 
^  aluminimi,  gallium,  indium,  trivalent  iron,  chromium,  and 
manganese;  and  finally  A  may  be  either  sulfur  or  selenium. 
%e  aliuninimi  alums  are  distinguished  by  prefixing  the  name  of 
be  monovalent  metal  while  in  the  case  of  the  other  altuns  both 
he  mono-  and  trivalent  metals  are  named,  for  example,  potassiimi 
krome  alum,  KCr(S04)2l2H20.  The  12H2O  is  an  essential 
^  of  an  altun.  Double  sulfates  are  known  which  differ  from 
'urns  only  in  this  respect  and  yet  they  are  not  alums.  Since 
^e  alums  are  isomorphous  they  can  all  form  mixed  crystals  and 
^gle  crystal  may  contain  a  large  number  of  elements. 
Potassium  aliun  is  the  most  important  alum;  it  was  formerly 
e  most  important  aluminum  salt  but  has  now  been  largely 
placed  by  the  sulfate.  It  may  be  prepared  by  roasting  alunite, 
)asic  alum  found  in  Italy,  Hungary,  and  in  southwestern  United 
ates  and  extracting  with  hot  water.  The  crystals  melt  or  dis- 
!ve  in  their  own  water  at  92**. 

Solutions  of  alum  are  acid  and  will  react  with  carbonates  and 
carbonates  with  the  evolution  of  carbon  dioxide,  the  precipita- 
•n  of  aluminum  hydroxide  and  the  formation  of  a  solution  of 
3  sulfates  of  potassium  and  the  metal  of  the  carbonate.  It  is 
on  this  property  that  its  use  in  cheap  baking  powders  depends. 
le  soluble  sulfates  formed  impart  a  strong  bitter  taste  to  the 
)d  and  the  use  of  such  powders  is  objectionable  on  this  account, 
for  no  other.     A  solution  of  alum  will  dissolve  a  considerable 
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quantity  of  alumiaum  hydroxide  forming  the  BO-called  " 
alum,"  KAI,(OH}i(SO()s-  It  is  used  ae  a  mordant  La 
and  as  &  clarifying  agent  In  the  purification  of  wat«r.  ThT 
aluminum  hydroxide  which  it  readily  forms  is  the  active  spti  1 
in  each  case.  In  the  clarification  of  water  the  precipitated  iJu-  I 
minum  hydroxide  attaches  itself  to  the  eilt  suspended  in  the  witet  I 
and  also  to  most  of  the  bacteria  present  and  carries  the  whole  W  I 
the  bottom. 


Alum  loses  all  of  !*«  ""ti 
burnt  alum,  and  is  Uk 

Mordants.— Some  ayw 
aolid  solutions  with 
precipitated  as  insoli 
others  do  not  have  i 
require  a  mordant,  i.e.. 
firmly  both  to  the  fit 
is  such  a  substance.  ■■  i:i 

a  solution  of  an  alumi 
tains  a  considerable  aiu^^ 


1.00°.     It  is  then  known  u  | 

bine  directly  or  ent«r  into 
!  cloth  while  others  rosy  te 
within  the  fiber,  but  masj 
characteristics.  Such  dye 
ce  which  will  attach  itwli 
dye.  Aluminum  hydrosde 
ae  dyed  is  first  treated  with 
Lich  a  condition  that  it  «ffl- 
hydroxide;  neutral 


alum,  aluminum  sulfate,  acetate,  or  sodium  aluminat«  sfiyi 
well;  and  it  is  then  boiled  with  the  dye.  Dyes  more  often 
require  mordants  with  cotton  than  with  wool  or  silk.  Aluminum 
hydroxide,  even  in  the  absence  of  the  fiber,  will  take  up  many 
dyes  forming  what  are  known  as  "lakes." 

Aluminum  Acetate. — Aluminum  acetate,  Al(CjH»Oj)i,  miy 
be  made  by  the  action  of  the  sulfate  in  solution  upon  lead  ffl 
barium  acetate,  lead  or  barium  sulfate  being  precipitated. 
Since  it  is  a  salt  of  a  weak  acid  and  of  a  weak  base  it  is  strongly 
hydrolyzed,  and  on  this  account  is  used  in  mordanting  cloth 
and  also  in  making  it  waterproof.  The  same  result  may  be 
secured  at  a  lower  cost  by  using  aluminum  sulfate  and  sodium 
acetate. 

Aluminum  Sulfide. — Aluminum  sulfide,  AljSj,  cannot  he  pre- 
pared in  a  wet  way.  It  is  formed  by  the  action  of  finely  divided 
aluminum  on  sulfities  at  a  high  temperature  by  practically  the 
methods  of  the  Goldschmidt  process. 

Aluminum  Silicate — Clay. — The  rocks  which  originally  com- 
posed the  earth's  crust  werft  verv  largely  complex  silicates  anii 
almost  invariably  cont  im  as  one  of  their  constitu- 
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^        -s.     By  the  action  of  the  carbon  dioxide  of  the  air  and  of  water, 
'^^se  rocks  gradually  decompose  or  weather  as  it  is  called,  and 


^^^minum  silicate  is  one  of  the  products.     The  aluminum  silicate 

g  practically  insoluble  and  in  an  extremely  fine  state  of  divi- 

^n  is  carried  by  flowing  water  and  deposited  when  the  latter 

hes  a  quiet  lake  or  the  ocean,  forming  the  beds  of  clay. 

ese  evidently  have  a  very  good  chance  to  become  contami- 

ted  and  are  rarely  pure.     The  purest  clay,  kaolin  or  china 

y,  HsAlsCSiOOs'HsO,  has  probably  been  formed  by  the  decom- 

^W)sition  of  feldspar,  KAlSisOs,  the  potassium  carbonate  being 

^^^Urried  away  and  the  kaolin  left  where  it  was  fornied.     Common 

^lay  contains  some  calcium  carbonate,  iron  oxide,  quartz,  etc. 

'V^en  comparatively  pure  it  is  known  as  potters  earth.     Marl 

t!M>ntains  large  quantities  of  calcium  carbonate.     Ocher,  lunber 

^nd  sienna  are  clays  colored  by  oxides  of  iron  and  manganese. 

TThey  are  used  to  some  extent  as  pigments. 

Clay,  as  is  well  known,  becomes  plastic  when  moist  and  may 
be  easily  worked  iQto  almost  any  shape  desired.  When  dried  and 
then  heated  to  a  high  temperatiu'e  it  shrinks,  becomes  quite  hard, 
and  loses  its  power  of  becoming  plastic  with  water.  It  also 
becomes  resistant  to  chemical  change  and  acquires  considerable 
mechanical  strength.  Because  of  these  properties  it  is  used  for 
making  brick,  pottery,  and  porcelain.  The  chemical  change 
which  takes  place  during  the  heating  consists  in  the  driving  off 
of  all  of  the  hydrogen  and  part  of  the  oxygen  in  the  form  of  water. 
Pure  kaolin  cannot  be  melted  in  the  fiu'naces  for  firing  this  mate- 
rial, but  the  presence  of  compounds  of  the  alkalies,  calcium  or 
magnesiiun  carbonates  or  especially  of  oxide  of  iron  causes  the 
mixture  to  fuse  partially  and  beconie  more  or  less  pasty  while  in 
the  furnace,  and  stronger  after  the  firing.  The  iron  imparts  the 
red  color  commonly  associated  with  brick.  Fire  brick  is  made 
from  nearly  pure  clay  and  has  a  high  melting-point  to  which  it 
owes  its  name.  Articles  made  from  clay  are  more  or  less  porous 
after  firing,  and  for  many  purposes  they  must  be  glazed.  This  is 
accomplished  in  various  ways  as  will  develop. 

Porcelain  and  Pottery. — Porcelain  is  the  name  applied  to  the 
highest  grade  of  ware  made  from  clay.  It  is  made  by  grinding 
together  very  pure  kaolin  and  feldspar  in  the  proper  proportions, 
and  making  up  into  a  plastic  mass  from  which  the  desired  articles 

20 
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&re  formed.    After  drying,  these  are  fired  at  such  a  ten 
that  the  feldspar  melts  and  biads  the  burned  kaolm 
into  a   hard    translucent    mass   which  is    nearly  boiB( 
but  does  not  have  a  glaze.     To  secure  the  latter 
are  dipped  into  a  suspension  of  very  finely  ground  f( 
water,  the  ware  becomes  coated  with  a  thin  layer  of  theft 
and  after  drying  is  fired  once  more  at  a  high  temperatnie 
then  allowed  to  cool  slowly  (annealed).    The  ware  is  then 
lucent  and  has  a  smooth  glase  which  is  practically  a  glan. 
very  difficultly  fusible  and  decidedly  resistant  to  chemical 
but  is  attacked  by  aqueous  and  fused  alkalies. 

Semlporcelain  is  made  from  a  white  pleietic  clay  to 
added  ground  quartis,  flint,  or  feldspar.  After  the  first  bmuq' 
it  is  porous  and  is  glased  with  a  mixture  of  borax,  quarts, 
carbonate,  and  oxide  of  lead.  The  ware  is  usually  much  tiudoS' 
than  porcelain  and  is  not  very  suitable  for  chemical  purpoan 

Earthen-ware  is  made  from  colored  plastic  clay,  the  impuritis 
of  which  serve  to  frit  or  bind  the  kaolin  together.  It  is  glazed  bj 
throwing  common  salt  into  the  kiln  toward  the  close  of  the  bura- 
ing.  At  the  high  temperature,  the  salt  volatilizes  and  reacU 
with  the  clay  and  the  water  vapor  present  so  as  to  form  an  easly 
fusible  sihcate  which  fills  the  pores  of  the  ware.  Unglawi 
earthenware  is  largely  used  in  the  form  of  tile,  bricks,  flofftf 
pots,  etc. 

Ultramarine. — A  double  silicate  of  sodium  and  aluminum 
containing  some  sulfur  is  found  in  nature  as  the  mineral  laps 
lazuli  which  has  approximately  the  composition  (NaAlSiOt)!- 
NajSj.  It  has  a  very  beautiful  blue  color  and  is  used  for  orns- 
mental  purposes.  When  ground  it  forms  the  pigment  known  as 
ultramarine.  This  same  pigment  may  be  made  very  cheaply 
by  heating  together  sodium  sulfate,  carbon,  and  clay.  Ibe 
resulting  blue  compound  is  ground  and  washed  with  water. 
Since  it  is  very  cheap  and  is  stable  toward  light,  air  and  alkalies 
it  is  much  used  as  a  pigment  in  water  color  paints,  wall  paper, 
laundry  blue,  etc.  It  was  formerly  used  to  di^ulse  the  funt 
yellow  color  of  granulated  sugar.  It  loses  its  color  on  contact 
with  even  very  weak  acids  and  the  loss  of  color  ia  accompanied 
by  the  evolution  of  hydn^en  sulfide.  The  blue  color  of  the 
compound  is  something  of  a  puzzle  because  its  components  might 
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klly  be  expected  to  yield  a  colorless  substance.  By  varying 
jthods  of  manufacture,  green,  violet,  and  red  varieties  may 
ained. 

iraulic  Mortars  and  Cements. — When  a  limestone  contain- 
nething  like  8  to  18  per  cent,  of  clay  is  "burned"  in  the 
ry  way  the  product  will  slake  and  form  a  mortar  which  will 
1  harden  under  water  and  hence  is  called  hydraulic  cement, 
jh  better  product  is  made  by  burning  a  limestone  which 
IS  20  per  cent,  or  more  of  clay  until  the  carbon  dioxide  is 
off.  The  substance  so  produced  will  not  slake;  but  if 
ground  and  mixed  with  water,  will  set  and  harden  out  of 
t  with  the  air.  This  is  known  as  natural  cement, 
land  cement  is  the  best  hydraulic  cement.  It  is  the  finely 
zed  product  made  by  heating  to  incipient  fusion  a  properly 
lioned  mixture  of  silica,  aluminum  silicate,  and  calcium 
Tie  to  which  an  addition  of  not  more  than  3  per  cent,  of  gypsum 
m  made  after  the  heating.  The  essential  constituents  of 
ad  cement  are  lime,  silica,  and  alumina.  Under  commer- 
nditions  some  of  the  alumina  is  always  replaced  by  ferric 
and  a  little  of  the  lime  by  magnesia, 
land  cement  may  be  made  from  almost  any  materials 
give  the  proper  mixture  of  calcium  carbonate,  silica,  and 
um  silicate  provided  they  do  not  contain  more  than  4  per 
f  magnesium  carbonate  and  that  the  silica  is  in  a  very  fine 
►f  subdivision.  The  most  widely  used  materials  for  the 
ation  of  this  cement  are  limestone  and  clay  or  shale;  these 
y  finely  ground  and  thoroughly  mixed  in  such  proportions 
le  mixture  shall  contain  close  to  75  per  cent,  of  calcium 
ate  and  20  per  cent,  silica,  alumina  and  ferric  oxide  taken 
3r,  the  remaining  5  per  cent,  being  magnesium  carbonate, 
3,  etc.  Some  limestones  have  approximately  this  com- 
n,  and  are  called  "cement  rock"  since  they  require  merely 
dition  of  a  little  of  a  purer  limestone  or  of  a  suitable  clay 
ect  their  composition. 

r  the  components  of  the  cement  have  been  ground  very 
d  thoroughly  mixed  in  the  proper  proportions,  they  are 
d  into  the  upper  end  of  a  long,  slightly  inclined  rotary  kiln 
h  which  they  gradually  work  their  way  against  the  flames 
t  gases  of  a  fire  of  powdered  coal  which  is  blown  into  the 
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metal  dissolves  readily  in  dilute  and  concentrated  sulfuric  utii 
and  less  readily  in  hydrochloric.     Thallium  forms  two  serie; 
compounds.     In  one,  the  tbalUc  aeries,  it  ia  trivalent  and 
gembles  aluminum  to  a  certain  degree,  but  the  hydroxide  is « 
soluble  in  bases  and  the  sulfate  does  not  form  alums. 

In  the  other  the  monovalent  or  thallous  series  it  prpscntj 


curious  set  of  rela 
in  water  and  is  a 
fate  and  oxalate  a 
able  for  a  heavy  m. 
resemblance  is  f 
forms  the   corap' 
the  correspondii 
ferric,  chromic, 
with  ordinary 
rest  of  the  halides  a 


3  hydroxide,  TbOH,  is  «il# 
The  carbonate,  phosphate,  si- 
;se  properties  are  verj'  remiit- 
:  those  of  an  alkali  metal.  "^ 
ed  by  the  facts  that  the  aulftt 
fSO.-eiliO,   isomorphous  li* 

and  also  forms  alums  withth 
Ifates,  which  are  isomorpiw* 
de  is  easily  soluble  while 

soluble,  the  solubility  deer* 


ing  from  the  chloride  to  the  loaiae.  The  chloride  changes  Inffl 
white  to  violet  in  the  light.  The  chromate  is  slightly  solubit 
In  all  these  ways  it  is  like  silver.  It  resembles  lead  in  thalt''' 
chloride  ia  not  dissolved  by  ammonia  but  is  by  hot  water. 


CHAPTER  XXVI 


Th«-Ce«-Zr*-Ti*-C-*Si-»Ge-*Sn-»Pb 

members  of  Group  IV,  like  those  of  the  preceding  groups, 
themselves  into  two  sub-groups,  which  may  be  named 
Buium  and  the  germanium  sub-groups.  There  is  not  as 
1  a  difference  in  the  properties  of  the  two  as  was  the  case 
le  preceding  groups,  and  yet  the  same  general  relationship 
lere.  The  basic  character  of  the  elements  increases  with 
omic  weight.  The  members  of  the  titanium  groups, 
3GCupy  the  left-hand  colunm  in  the  table  as  it  is  arranged, 
the  whole,  stronger  bases  than  those  on  the  right-hand 
18  germanium  group.  This,  it  will  be  recalled,  has  been 
e  in  each  of  the  prreceding  groups  of  metals.  The  gradual 
ling  in  the  basic  properties,  which  has  been  noticeable  in 
;  to  each  successive  group,  is  continued  with  this  and  there 
eally  strong  base  formed  by  a  member  of  the  group,  in 
lie  first  two  members,  carbon  and  silicon,  are  distinctly 
itallic,  and  have  been  discussed  among  such  elements, 
aximum  valence  of  the  members  of  the  group  is  four. 

Titanium  Sdb-qboop 

members  of  this  sub-group  are  titanium,  atomic  weight, 
irconium,  atomic  weight,  90.6;  cerium,  atomic  weight, 
.  and  thorium,  atomic  weight,  232.4. 

TiTANniM 

lium  is  a  widely  distributed  and  comparatively  abundant 
t  being  present  in  almost  all  igneous  rocks  and  forming 
r  per  cent,  of  the  lithosphere  than  carbon.  It  does  not 
ree  in  nature,  and  its  compounds  are  not  collected  in  great 
407 
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beds  like  the  coal  beds,  so  it  is  not  as  available  aa  eariwn. 
occurs  in  a  number  of  mioeraU,  such  as  nttile,  TiOi  and 
iron  ore  or  ilmenite,  FeTiO).  The  metal  dissolves  in  adds 
the  evolution  of  hydrogen,  and  decomposes  steam  at  a  ! 
temperature.  It  forms  three  series  of  compounds  in  whid 
di-,  tri-,  and  tetravalent;  the  last  are  the  most  stable.  T^taiuf 
hydroxide  is  rather  more  of  an  acid  than  of  a  base  but  acts  in 
both  ways.  Metallic  titanium  has  a  great  tendency  to  comlaiw 
with  nitrogen,  oxygen  and  sulfur.  An  alloy  of  metallic  titanioB 
with  iron,  called  ferrotitanium,  is  often  used  in  the  mannfoeton 
of  steel.  The  titanium  increases  the  teuail  strength  and  touihcH 
the  steel.  The  carbide  is  used  in  special  kinds  of  flaming  m 
lamps,  burning  titanium  carbide  as  cathode  below  a  eoffv 
anode. 

ZiBcomuM 

Zirconium  is  a  rare  metal,  which  is  found  chiefly  as  zircon,  the 
silicate  ZrSiOi-  Its  hydroxide  is  a  weaker  acid  and  a  stronger 
base  than  titanium  hydroxide. 

Cerium 

Cerium  is  a  rare  metal  which  is  chiefly  found  in  cerite,  a  by- 
drated  silicate,  which  contains  calcium,  cerium,  and  lantbanuin, 
and  the  other  rare  earths  which  so  closely  resemble  lanthanum. 
The  metal  burns  more  readily  than  magnesium  and  the  small 
particles  thrown  off,  when  it  is  scratched  with  a  hard  object, 
take  fire.  For  this  reason  an  alloy  of  cerium  and  iron  whifb 
gives  brilliant  sparks  when  rubbed  with  a  hie  is  used  aa  a  gu 
hghter.  Cerium  dioxide  is  used  in  connection  with  thorium 
dioxide  in  the  preparation  of  incandescent  mantles,  as  will  bood 
be  described.  Cerium  forms  two  series  of  compounds,  in  one  it  ia 
trivalent  and  strongly  resembles  the  rare  earths,  while  in  the 
other  it  is  tetravalent,  and  is  like  the  other  titanium  metals. 

Thorium 

Thorium  is  obtained  chiefly  from  monasite,  a  phost^te  of 
ceriiun  and  thorium.    Thorium  hydroxide  is  the  strongest  bate 
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of  the  titanium  series.  The  nitrate,  Th(N08)4'6H20  is  the  most 
important  salt.  It  is  used  in  the  formation  of  Welsbach  incan- 
descent gas  mantles.  These  are  made  by  dipping  a  mantle 
woven  from  ramie  fiber  into  a  solution  of  thorium  nitrate  along 
with  about  1  per  cent,  of  cerium  nitrate,  Ce(N0«)4.  After 
drying,  the  ramie  is  burned  away,  and  the  nitrates  are  converted 
into  the  oxides  which  retain  the  form  of  the  mantle.  A  mixture 
<rf  the  two  oxides  in  the  proportions  given  is  very  efficient  as  a 
fight  producer,  while  pure  thorium  dioxide,  or  a  mixture  contain- 
ing more  cerium,  is  not  nearly  so  good. 

Thorium  and  its  compounds  are  radioactive,  but  nowhere  near 
as  highly  so  as  the  radium  compounds.  A  discussion  of  this 
phase  of  the  properties  of  thorium  will  be  postponed  until  later, 
when  all  the  radioactive  elements  may  be  treated  together. 

Germanium  Sub-group 

The  members  of  this  sub-group  are  both  di-  and  tetravalent. 
In  their  divalent  compounds,  they  are  more  strongly  basic  than 
in  the  other  series. 

Germanium 

Germaniumi  atomic  weight,  72.5,  is  a  rare  element.  Its  prop- 
erties agree  closely  with  those  predicted  by  Mendelejeff  for  eka- 
silicon,  germanium  being  then  undiscovered.  The  element  itself 
is  distinctly  metallic,  but  its  compounds  are  much  more  Uke  those 
of  the  non-metals  than  the  metals.  It  bears  a  strong  resemblance 
to  carbon  and  silicon,  as  may  be  seen  from  the  formulas  of  a  few 
of  its  compounds,  GeH4,  GeF4,  GeCU,  GeClj,  GeHCU  (ger- 
manium chloroform),  Ge02,  GeO,  GeS2,  GeS.  The  dioxide  has 
acid  properties,  but  also  dissolves  in  acids.  The  sulfide,  like 
zinc  sulfide,  is  white. 

Tin 

The  discovery  of  tin  is  prehistoric,  the  metal  having  been  used 
by  early  man  in  making  his  bronze  tools  and  weapons. 

Occurrence  and  Metallurgy. — The  chief  ore  is  tin  stone,  or 
cassiterite,  SnOs.  This  is  found  in  many  places,  but  chiefly  in 
the  East  Indies,  Bolivia  and  Cornwall.    It  is  easily  reduced  to 
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the  metallic  state  by  carbon,  the  greatest  difficulty  \a  the  metit 
lurgy  of  tin  being  the  purification  of  the  oxide  before  its  re<l^l^ 
tioD.  Thia  is  done  by  crushing  the  ore  and  mechani  rally  septic 
log  the  granite  or  other  rocky  gangue.  The  coDceotrated 
tbeo  repeatedly  roasted  and  washed  to  remove  the  sulfide 
of  arsenic,  iron  and  copper.  The  purified  stannic  oxide  is  tW 
reduced  in  reverberatorv  fnmncM  with  carbon  in  the  form  of 
anthracite  coal.     The  ed  contains  some  iron  utd 

arHmic.     These  combine  le  tin  to  form  a  compound 

having  a  higher  melting-pon  le  pure  tin,  so  that  the  Utter 

may  be  purified  by  carel  ;  the  ingots  to  a  verr  littlt 

above  the  melting-point  allowing  the  purer  metal  lo 

run  sway  from  the  iron  ars^  oy.     This  process  is  caQ^ 

liquation.     The  purest  tin  in  from  Banca.     The  world's 

production  of  tin  in  1914  was  ]  tons. 

Physical  Properties.^ — Tin  «,  >.  very  white  highij-  lustrous 
crystalline  metal,  which  exists  in  se.crel  enantiotropic  modifica- 
tions. The  one  which  ia  the  most  familiar  is  stable  from  18°  to 
161°  and  is  known  as  tetragonal,  or  ordinary  tin.  Below  18°  it 
becomes  meta-stable,  and  may  pass  over  into  a  gray  powdery 
modification,  with  a  considerable  increase  in  volume,  since  the 
density  of  tbo  gray  tin  is  5.8,  while  that  of  the  ordinary  tin  m 
7.3.  Thia  is,  of  course,  accompanied  by  the  injury  or  deatructioD 
of  any  object  made  of  the  tin.  The  change  is  known  as  the 
"tin  disease"  and  has  caused  the  gradual  decay  of  organ  pipes, 
etc.,  in  the  northern  part  of  Europe  where  the  temperature 
averages  lower  than  18°.  This  change  is  most  rapid  at  —50'. 
The  transformation  is  very  easily  suspended  and  in  the  absence 
of  the  gray  modification,  ordinary  tin  will  remain  at  tempera- 
tures somewhat  below  18°,  practically  indefinitely.  At  161°, 
tetragonal  or  ordinary  tin  changes  into  rhombic,  which  is  stable 
up  to  the  melting-point,  232°.  Tin  is  very  malleable  and  may  t* 
beaten  or  rolled  into  thin  sheets,  known  as  tin  foil.  Cast  tin  ia 
crystalline  and  when  bent  gives  out  a  peculiar  sound  known  as 
the  "cry  of  tin."  Tin  plate  or  "tin,"  as  it  is  generally  called,  is 
made  by  dipping  carefidly  cleaned  sheets  of  mild  steel  into 
molten  tin.  The  tin  forms  an  alloy  with  the  iron  and  this,  in 
turn,  becomes  covered  with  a  thin  layer  of  practically  pure  tin- 
Such  plate  owes  its  usefulness  to  the  fact  that  metalUo  tin  is 
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^  unaffected  by  air,  water,  or  by  weak  acids  in  the  absence  of  air. 
13  As  is  well  known,  very  large  quantities  of  tin  plate  are  used  in 
3  making  cans  and  utensils.  The  greater  part  of  these  soon  find 
ar  their  way  to  the  rubbish  heap  and  the  tin  is  lost.  This  waste  is 
-2  regretable  because  the  supply  of  tin  ore  seems  to  be  limited. 
1  Attempts  are  being  made  with  somewhat  encouraging  success  to 
?  recover  the  metal  from  such  waste  plate.  One  very  serious 
sr    drawback  is  the  cost  of  collection. 

There  are  in  use  two  important  methods  for  the  recovery  of 
tin.  •  In  one  the  tin  plate  is  made  anode  in  a  solution  of  sodium 
hydroxide.  The  tin  dissolves  as  sodium  stannate  and  is  deposited 
on  the  cathode.  In  the  other,  the  plate  is  exposed  to  the  action 
of  chlorine  which  attacks  the  tin  much  more  easily  than  the  iron. 
£ach  of  these  methods  works  well  on  the  clean  scrap  left  in  the 
manufacture  of  tinned  articles  and  about  one-fourth  of  the  tin 
used  in  this  country  is  recovered  in  these  ways. 

A  piece  of  tin  plate  which  has  once  got  a  hole  scratched 
through  the  tin  down  to  the  iron  will  rust  more  rapidly  at  that 
place  than  a  piece  of  pure  iron.  This  is  due  to  the  fact  that  in 
the  presence  of  water  an  electric  battery  is  formed  with  the  iron 
acting  like  the  zinc  in  an  ordinary  cell,  with  the  result  that  it  is 
rapidly  corroded. 

Tin  is  a  component  of  many  alloys;  bronze  has  been  given;  soft 
solder  contains  50  per  cent,  each  of  lead  and  tin;  pewter,  25  per 
cent,  lead;  Britannia  metal  10  per  cent,  antimony  and  some 
copper.    Tin  amalgam  was  formerly  used  to  back  mirrors. 

Chemical  Properties. — Tin  forms  two  series  of  compounds,  the 
stannous,  in  which  it  is  divalent,  and  the  stannic,  in  which  it  is 
tetravalent.  Stannous  hydroxide  is  more  basic  than  stannic 
and  its  salts  are  less  hydrolyzed  in  water  solutions  than  the  stan- 
nic salts,  but  each  hydroxide  is  soluble  both  in  bases  and  in  acids 
and  therefore  each  is  a  weak  base.  Neither  is  a  strong  enough 
base  to  form  a  carbonate.  The  stannous  salts  are  good  reducing 
agents,  passing  readily  into  the  stannic  compounds. 

The  metal  is  not  altered  by  air  or  water  at  ordinary  tempera- 
tures, but  oxidizes  easily  at  higher  temperatures.  It  dissolves 
readily  in  hydrochloric  acid  with  the  evolution  of  hydrogen  and 
the  formation  of  stannous  chloride,  SnCU.  Hot  concentrated 
sulfuric  acid  forms  stannous  sulfate,  SnS04;  and  sulfur  dioxide. 
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calico  printing  and  is  called  "  preparing  salt."  It  is  also  used  to 
render  cotton  gooda  permanently  fire  proof.  The  cotton  is  fiw 
Boaked  in  a  solution  of  alpha  sodium  statuiate,  dried,  and  then 
placed  in  a  solution  of  ammonium  sulfate.  In  the  presence,  of 
the  cation  of  the  weak  base,  ammonium  hydroxide,  the  atannals 
is  hydrolysed  and  stannic  acid  precipitated  in  the  cloth. 

Beta  or  meta  stannic  a"-''  '°  -""de  by  acting  upon  tin  with 
concentrated  nitric  acid.  from  the  alpha  acid  in  that 

it  is  entirely  insoluble  in  mtnc  t  hat  it  swells  up  but  does  not 

diflsolve  in  sulfuric  acid,  and  treated  with  hydrochloric 

acid  forma  a  compound  «  soluble  in  hydrochloric  acid, 

but  which  dissolves  after  w  chloric  acid  is  removed  and 

replaced  by  water.    The  sol  obtained  is  not  like  that  of 

stannic  chloride  and  gelatinizi  boiled.     Sodium  hydroxide 

dissolves  beta  stannic  acid  a  a.  salt,  sodium  beta  stannate, 

NatSQ»Oii4HiO;  by  aciduh  i       solution,  beta  stannic  arid 

is  precipitated.  When  beta  stannic  acid  is  fused  with  sodium 
hydroxide,  the  alpha  stannate  is  formed. 

When  solutions  of  alpha  stannic  acid  in  hydrochloric  or  hydro- 
bromic  acid  stand  for  a  long  time,  beta  stannic  acid  is  gradually 
precipitated. 

Stannic  Chloride. — Stannic  chloride,  SnCl,,  is  formed  by  the 
action  of  chlorine  upon  stannous  chloride  or  upon  the  metal. 
Use  is  made  of  this  in  recovering  tin  from  scraps  of  the  plate  by 
the  chlorine  process.  It  is  a  colorless  hquid,  which  boils  at  114°. 
It  fumes  in  contact  with  the  air.  With  water  a  number  of 
hydrates  are  formed.  The  pentahydrate,  SnCUSHiO,  is  much 
used  in  dyeing  as  a  mordanting  agent,  under  the  name  of  "oxy- 
muriate  of  tin."  It  combines  with  hydrogen  chloride  to  form 
chloratannic  acid,  HjSnCli,  several  salts  of  which  are  known. 
The  ammonium  salt,  (NH,)iSnCI(,  waa  formerly  much  used  ass 
mordant  in  dyeing  under  the  name  of  "pink  salt,"  not  becauM 
it  had  a  pink  color  but  because  it  was  used  in  dyeing  pinks. 

Solutions  of  the  chloride  in  water  are  very  slowly  hydrolywd. 
The  stannic  hydroxide  remains  in  solution  in  the  colloidal  ata' 
and  is  gradually  transformed  into  beta  stannic  acid. 

Stannic  Sulfide. — Stannic  sul&de  is  precipitated  as  t 
amorphous  substance  by  passing  hydrogen  sulfide  < 
moderately  acid  solution  of  a  stannic  salt.    It  is  st 


bttted  hydrochloric  acid,  and  is  reprecipitated  by  diluting  1 
scdution.  It  is  also  soluble  in  solutions  of  ammonium  sulfide  J 
if  the  nlkali  sulfides,  forming  thiostannates, 

SnSi  +  (NHOtS  =  (NH,)jSnS, 

jn  acidulation  with  dilute  acids,  thiogtannic  acid  is  formed, 
ch  at  once  decomposes  to  give  stannic  sulfide  and  hydrogen 
ide. 

oialytical  Properties. — The  properties  of  stannous  sulfide  and 
Be  of  stannic  sulfide,  which  have  just  been  given,  put  it  in  an 
lytical  group  with  arsenic  and  antimony,  which  is  dis- 
piished  from  that  containing  mercury,  copper,  cadmium,  bis- 
th,  and  lead  by  the  fact  that  the  sulfides  of  the  last  mentioned 
talB  are  not  soluble  in  ammonium  sulfide  (copper  is  slightly 
ible).     In  solution,  both  the  stannic  and  stannous  compounds 

colorless.  The  stannous  are  distinguished  from  the  stannic 
the  dark  color  of  the  sulfide  and  by  the  fact  that  the  former 

strong  reducing  agents. 

Lead 

*ad  is  the  member  of  the  germanium  sub-group  with  the 
heat  atomic  weight,  207.2.  Although  it  occurs  free  in  nature 
insignificant  quantities,  it  is  so  easily  smelted  from  its  ores 
t  it  was  well  known  to  the  ancients.  It  was  used  by  the 
mans  for  water  pipes,  a  use  to  which  it  is  still  put. 
*he  chemical  relationships  of  lead  are  somewhat  varied,  as  is 
!n  the  case  with  the  last  member  of  a  sub-group.  It  is  both 
and  tetravalent.  In  the  divalent  state,  lead  resembles 
ium  in  several  ways,  in  others  it  is  like  silver  and  thallium. 
>  hydroxide,  Pb(OH)j,  acta  both  as  a  base  and  an  acid  in  that 
lissolves  and  forms  salts  with  both  acids  and  bases.  In  this 
/  lead  is  like  Bine.  The  hydroxide  is  a  stronger  base  than  acid, 
hat  its  salts  with  the  stronger  acids  are  fairly  stable  in  solution. 
i  tetravalency  of  lead  shows  its  relationship  to  the  other 
nbers  of  this  group,  but  the  resemblance  is  not  very  strong. 
i  hydroxide,  Pb(OH)j,  is  both  basic  and  acidic;  but  is  a  very 
ik  base,  so  that  its  salts,  even  with  the  strongest  acid,  are 
ctically  completely  hydrolyzed.  The  tetravalent  lead  com- 
jgds  tend  to  pass  to  the  divalent  state  ^^j||g|B|£jj|iBing 
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agents,  bo  the  oxidation  relationshipe  are  the  reverse  of  the* 
between  stanuous  and  stannic  tin. 

Occurrence. — The  principal  ore  of  lead  is  galena,  lead  sulfide, 
PbS,  which  contains,  when  pure,  86.57  per  cent,  of  lead.  H  1* 
found  in  nearly  all  countries  and  very  often  carries  silver,  eiihK 
as  finely  divided  native  silver,  or  as  isomorphous  sulfide,  dis- 
seminated through  it. 

Other  common  ores  i  carbonate,  cerusite,  PbCOi, 

and  sulfate,  anglesite  'y  are  formed  as  decompoa- 

tion  or  oxidation  pre  alena,  and  are  consequently 

near   the   surface  in  miw 

lower    down    yield   galeni 

,  exclusively. 

«llurgy. — Since  le^d  sulfide  ii 

ief  lead  ore,  the  extraction  ol 

om  its  ores  is  largely  derol^i 

II  ^'^^^   to  tuc  treatment  of  this  compound. 

'  This  is  accomplished  entirety  by 

smelting  or  dry  processes,  and  the 

blast-furnace  process  is  used  alocsl 

exclusively. 

The  lead  blast-furnace,  Fig.  68, 

is  rectangular  in  shape  and  is  from 

15  to  25  ft.  high,  10  to  20  ft.  long 

and  from  3  to  5   ft,   wide  at  the 

bottom.     A  row  of  blast  ^ipes, « 

tuyeres,    along    each    side   of  the 

furnace,  serve  to  introduce  the  iii 

Fio   68  blast,  whit'li  has  a  pressure  of  from 

1  to  3  lb. 

The  lead  ore  mixed  with  coke  to  furnish  heat  for  ameltinj, 

and  sufficient  limestones  to  flux  off  the  silica  from  the  gangue,  is 

charged  into  the  furnace.     A  part  of  the  lead  ore  is  chained  rs^i 

that  is,  unroasted,  while  another  portion  is  previously  roaslf^ 

to  lead  oxide  in  a  separate  roa.'^ting  furnace.     This  roasted  ore 

usually  hiis  in  it  a  considerable  quantity  of  iron  oxide,  which  i" 

utilized  to  furnish  iron  for  reducing  lead  sulfide,  if  not,  iron  on 

ore  is  added  for  this  purpose. 

Some  of  the  carbon  in  the  charge  reacts  with  some  fA  t: 
oxide  to  form  lead  and  carbon  dio 
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2PbO  +  C  =  2Pb  +  COi 

]Most  of  the  remaining  carbon  burns  to  carbon  monoxide  which 
reduces  the  rest  of  the  lead  oxide. 

PbO  +  CO  =  Pb  +  CO2 

and  also  the  iron  oxide 

FejOs  +  SCO  =  2Fe  +  3C0i 

The  iron  formed  in  this  way  reacts  with  the  lead  sulfide  of  the 
raw  ore  to  form  metallic  lead  and  ferrous  sulfide. 

PbS  +  Fe  =  Pb  +  FeS 

Any  copper  in  the  ore  is  dissolved  by  the  ferrous  sulfide  to  form 
a  matte  which  may  be  smelted  for  the  copper. 

The  lead  tapped  from  the  blast  furnace  is  far  from  pure.  It  is 
called  work  lead  or  base  bullion  and  contains  besides  the  gold  and 
silver  of  the  ore,  considerable  quantities  of  antimony,  bismuth, 
copper,  and  other  impurities.  Most  of  the  latter  can  be  re- 
moved by  melting  the  lead  in  large  pots  and  keeping  it  molten 
for  several  hours,  during  which  period  it  is  frequently  stirred. 
The  impurities  oxidize  more  readily  than  the  lead  and  the 
oxides  rise  to  the  top  as  a  scum  or  dross,  which  is  easily  skimmed 
off.  Some  lead  is  lost  by  this  process,  but  the  resulting  refined 
product  is  quite  soft  and  malleable. 

This  process  does  not  remove  gold  and  silver  or  all  the  copper. 
If  these  are  in  the  lead,  it  is  further  treated  by  the  Parke  Process 
(see  p.  379)  to  recover  the  gold  and  silver. 

Not  only  does  the  lead  smelting  process  save  the  gold  and  silver 
occurring  in  the  lead  ores,  but  it  also  allows  the  smelting  of  other 
gold  and  silver  ores  containing  little  or  no  lead,  with  the  lead 
ores,  to  recover  the  precious  metals  and  the  lead. 

Lead  is  being  successfully  purified  on  a  large  scale  by  the 
Betts'  electrolytic  process.  The  anodes  are  made  of  work  lead, 
the  cathodes  of  piu-e  lead  and  the  electrolyte  of  lead  fluosili- 
cate,  PbSiFe,  in  solution  to  which  a  little  glue  has  been  added. 
This  latter  addition  has  the  effect  that  the  lead  is  deposited  in 
a  more  coherent  form  than  in  its  absence.  The  process  pro- 
duces very  pure  lead  and  at  the  same  t  the  precious 

87 
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seeme  to  have  a  specific  action  in  protecting  iron  from  oona 
It  ia  further  used  in  the  manufacture  of  glass- 
Lead  Dioxide. — Lead  dioxide  is  the  most  stable  and  impori 
of  the  tetravalent  compounds  of  lead.  It  ia  a  dark  brown  pM 
which  may  be  formed  as  described  above,  but  1b  UBoally 
pared  by  the  action  of  bleaching  powder  upon  a  eolutioo  d' 
plumbite, 

NatPbOa  +  CaCl,0  +  H,0  =  PbO,  +  2NaOH  +  CaCl,  1 

The  dioxide  is  insoluble  under  these  conditions  and  is  pttql 
tated.  It  has  some  tendency  to  act  as  an  actd-fonning  (M 
as  is  shown  by  the  following.  When  fiised  with  Bodinml 
potassium  hydroxide,  it  yields  soluble  meta-plumbat«8  aodil 
KtPbOfSHtO,  analogous  to  the  meta-stannatee.  Red  Indl 
regarded  as  being  lead  ortho-plumbate,  and  on  this  basis  abndi 
be  written  Pb,PbO*. 

Lead  dioxide  is  a  strong  oxidising  i^ent.  When  heated  nill 
hydrochloric  acid,  it  acts  like  manganese  dioxide  and  libenti 
chlorine,  lead  chloride,  FbCU,  being  formed  at  the  same  ^ 
A  few  plumbic  salts  may  be  made  by  dissolving  the  dioiideii 
the  cold  concentrated  acids  but  they  all  hydrolyie  very  eul] 
upon  dilution  and  reprecipitate  the  dioxide. 

From  the  above  it  is  seen  that  the  dioxide  ia  both  basic  u 
acidic,  but  is  very  weakly  basic. 

Lead  Chloride.— Lead  chloride,  PbClj,  is  a  white  crystalba 
compound  which  is  about  three  times  as  soluble  in  boiling  watt 
as  in  water  at  room  temperatiure.  Advantage  is  taken  of  tU 
in  qualitative  analysis  in  separating  lead  chloride  from  siln 
and  mcrcurous  chlorides,  which  are  but  shghtly  soluble  in  eitb 
hot  or  cold  water. 

Lead  Nitrate. — ^Lead  nitrate,  Pb(NOi)i,  and  acetate  are  alma 
the  only  lead  salts  of  the  common  acids  which  are  freely  soluble 
water.  The  nitrate  is  made  by  dissolving  Utharge  or  the  met 
in  nitric  acid,  and  crystalUzing  the  product.  It  forms  wbi 
anhydrous  octahedra  which  are  isomorphous  with  bariii 
nitrate.  As  is  to  be  expected  from  the  weakness  of  lead  h 
droxide,  a  solution  of  the  nitrate  is  acid  in  reaction. 

Lead  Acetate.— Lead  acetate,  Pb(C|H»0i)j3H»0,  or  sugw 
lead,  ia  a  white  crystalline  salt,  which  ia  eaaly  soluble  in  wsti 
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e  solution  has  a  sweet  taste,  which  gives  to  the  salt  its  common 
xie.  By  boiling  a  solution  of  lead  acetate  with  litharge  a 
able  basic  salt  is  formed,  Pb(OH)(CsHsOs).    This  is  alkaline 

reaction.  Both  the  normal  and  the  basic  salts,  when  in 
ution,  yield  precipitates  of  the  carbonate  when  acted  upon 

carbon  dioxide;  the  action  is  not  complete  and  stops  when 
3  concentration  of  the  acetic  acid  has  reached  a  certain  point, 
lis  reaction  is  of  importance  in  connection  with  the  prepara- 
in  of  "white  lead." 

Lead  Carbonate  and  White  Lead. — Normal  lead  carbonate, 
>COs,  is  found  in  nature  as  the  mineral  cerusite  and  may  be 
epared  in  the  laboratory,  but  the  artificial  product  is  usually 
basic  salt.  Both  the  normal  and  basic  salts  are  but  very 
igihtly  soluble  in  water. 

White  lead  is  a  basic  carbonate  which  has  approximately  the 
>xnpo8ition  shown  by  the  following  formula,  Pb8(OH)2(C03)2. 
» is  much  used  as  a  pigment  and  is  prepared  in  various  ways, 
bese  nearly  all  consist  in  getting  the  lead  in  solution  with 
setic  acid,  and  precipitating  the  carbonate  with  carbon  dioxide, 
lereby  recovering  the  acetic  acid  to  be  used  to  dissolve  more  lead 
td  thus  making  it  act  as  a  catalyzer. 

The  white  lead  which  is  claimed  to  be  the  best  is  manufactured 
'  what  is  known  as  the  old  Dutch  process.  In  principle,  the 
ocess  consists  in  the  solution  of  the  lead  in  acetic  acid,  with 
e  aid  of  the  oxygen  of  the  air,  and  the  precipitation  of  the 
rbonate  from  this  by  carbon  dioxide,  the  whole  process  taking 
Skce  slowly  at  temperatures  only  a  few  degrees  above  that  of 
e  room.    The  equations  are, 

2Pb  +  4HC2H3O,  +  Ot  =  2Pb(C,H30,),  +  2H2O 
►bCCHaOa)!  +  4H2O  +  2C0,  =  Pb8(OH),(C03)i  +  BHCHaO, 

le  lead  to  be  "corroded"  is  cast  into  the  form  of  perforated 
sks  called  "buckles,"  Fig.  69,  and  these  are  placed  in  the  upper 
,rt  of  a  glazed  earthenware  pot,  about  8  in.  across.  In  the 
ittom  of  the  pot  is  some  crude  acetic  acid,  and  about  a  third  ol 
e  way  up,  the  sides  of  the  pot  are  pierced  by  a  number  of  holes 
allow  circulation  of  air.  A  great  number  of  these  pots  are 
aced  side  by  side  upon  a  layer  of  spent  tan  bark.  They  are 
en  covered  by  boards  and  another  layer  of  tan-bark,  and  upon 
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the  whole  another  tier  of  pots  is  placed,  which  are  cova 
the  Bsme!  way.  This  is  continued  until  a  pile  of  many  tir 
pota  haa  been  obtained.  Bacteria  grow  in  the  tan-bari 
produce  carbon  dioxide  from  the  oxidation  of  its  material! 
the  heat  so  generated  warms  the  whole  to  a  temperature  1 
able  to  the  process.  The  vapors  of  the  acetic  acid,  the  oij^ 
the  air,  and  the  carbon  dioxide  from  the  tan-bark  being  ii 
tact  with  the  lead  bring  about  the  reactions  given  above. 
process  takes  5  or  6  weeks.  At  its  close  the  heaps  are  takem 
the  lead  carbonate  is  separated  from  the  unchanged  1^ 
mechanical  means  aud  ground  very  &ne  while  moist,  driec 
then  ground  in  linseed  oil,  making  the  pasty  pigment  kno 
white  lead.     Sometimes  the  white  lead  is  not  thoroughly 
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before  it  is  ground  in  the  oil;  the  result  is  a  shghtly  cheapei 
of  distinctly  inferior  quality,  which  is  much  more  rapid 
tacked  by  atmospheric  agencies  than  that  made  from  tl 
carbonate. 

White  lead  is  costly,  poisonous  and  hence  dangerous  to 
facture  and  use,  and  is  so  subject  to  atmospheric  ag 
particularly  hydrogen  sulfide,  that  it  is  not  suitable  for 
cities;  and  yet  it  has  held  its  own  against  other  white  p^ 
which  do  not  have  these  objections.  The  reason  for  this : 
it  has  great  covering  power,  i.e.,  it  is  very  opaque.  This 
to  the  fact  that  the  particles  of  white  lead,  although  th 
transparent,  reflect  a  good  deal  of  hght  from  each  ol 
surfaces,  and  any  given  layer  of  paint  contains  so  many  ov< 
particles,  each  one  reflecting  a  part  of  the  li^t  which  pent 
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those  above  that  practically  all  of  the  light  is  turned  back,  and 
the  paint  is  decidedly  opaque. 

It  is  a  well-established  fact  that  a  cheap  red  barn  paint  will 
last  longer  than  a  high-priced  white  house  paint,  when  both  are 
mixed  with  equally  good  oil.  The  explanation  offered  is  that 
the  pigment  in  the  red  paint  is  chemically  inert,  while  the  white 
lead  in  the  house  paint  gradually  converts  the  oil  into  a  more 
or  less  soluble  soap  which  washes  ofiF.  The  oil  used  in  paints 
must  be  what  is  known  as  a  ''drying  oil''  and  is  usually  linseed 
oil.  A  "drying  oil"  does  not  evaporate  as  water  or  gasoline 
does,  but  takes  up  oxygen  from  the  air  and  is  oxidized  to  a  tough 
elastic  substance  which  binds  the  pigment  firmly  to  the  painted 
surface.  ''Boiled"  linseed  oil  has  been  heated  with  lead  oxide 
or  manganous  borate,  these  dissolve  and  catalyze  oxidation  of  the 
oil. 

Lead  Chromate. — Lead  chromate,  PbCr04,  is  insoluble  and  is 
formed  by  bringing  together  in  solution  a  soluble  lead  salt  and 
a  chromate.  It  has  a  fine  yellow  color  and  is  used  as  a  pigment 
and  as  a  dye  under  the  name  of  chrome  yellow. 

Lead  Sulfate. — Lead  sulfate,  PbSOi,  is  one  of  the  few  sulfates 
which  are  but  slightly  soluble.  In  this  respect  lead  resembles 
bariiun.  Since  it  is  so  slightly  soluble,  it  is  easily  prepared  by 
precipitation.  It  is  less  soluble  in  dilute  sulfuric  acid  and  in 
alcohol,  but  more  soluble  in  dilute  nitric  and  in  concentrated 
sulfuric  acid  than  in  pure  water.  The  decrease  in  solubility 
upon  the  addition  of  dilute  sulfuric  acid  is,  of  course,  due  to  the 
increase  in  the  concentration  of  the  sulfate  ion.  The  increased 
solubility  in  concentrated  sulfuric  acid  is  probably  due  to  the 
formation  of  the  acid  sulfate.  The  increase  in  solubility  in 
nitric  acid  is  ascribed  to  the  fact  that  nitric  acid  is  a  stronger  acid 
than  sulfuric,  and  hence  the  concentration  of  the  sulfate  ion  is 
decreased. 

A  basic  lead  sulfate  (PbS04)2PbO  known  as  sublimed  white 
lead  is  used  for  a  pigment.  This  compound  is  made  by  putting 
a  mixture  of  finely  powdered  galena,  PbS,  and  carbon  on  a  brisk 
coke  fire  in  a  furnace.  The  lead  sulfide  is  oxidized  to  the  basic 
sulfate  which  volatilizes  at  the  temperature  of  the  fire,  condenses 
in  the  flue  and  is  caught  in  bags.  It  is  very  fine  and  white, 
and  is  chemically  much  more  inert  than  wl 
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Lead  Sulfide.— Lead  sulfide,  PbS,  occurs  in  nature  in  cubic&l 
crystals,  which  have  a  gray  metallic  luster.  It  is  the  principal 
ore  (A  lead  and  is  called  galena.  In  the  laboratory  it  may  be 
prepared  as  a  black  precipitate  by  passing  hydrogen  sulfide  into 
an  acid  solution  of  a  lead  salt.  It  is  insoluble  in  cold  dilute 
acid,  in  sodium  hydroxide  or  the  alkali  sulfides.  It  is  soluble 
in  concentrated  hydroclilnrii^  actr).  being  reprecipitated  upon 
dilution,  and  also  in  boit  'ic  acid.     In  the  latter  case, 

the  solution  results  becs"'  idation  of  the  sulfur  ioa  tn 

the  element  or  to  the 

The  Storage  Battei  battery  ia  a  voltaic  ceil, 

which,  after  it  has  wi  ae  and  produced  electrical 

energy  at  the  expense  i  rgy  of  the  reactions  within 

the  coll,  may  be  restored  t"  nal  condition  by  passing  a 

current  of  electricity  thro'  ic  reverse  direction.     It  Li 

a  reversible  cell.     One  of  practical  forma  consists  ot 

two  sets  of  lead  plates,  the  one  coat>,J  with  lead  dioxide  and  the 
other  with  spongy  lead,  the  plates  being  placed  in  dilute  sulfuric 
acid.  The  oxidizing  agent  in  this  case  is  the  tetravalent  lead 
of  the  lead  dioxide,  which  gives  up  two  positive  charges  to  the 
lead  electrode,  upon  which  it  is  placed,  and  these  flow  through  the 
connecting  wire  to  the  other  lead  electrode  and  there  oxidiie 
the  finely  divided  spongy  lead,  which  is  the  reducing  agent,  U> 
the  divalent  ion.  The  divalent  lead  ion  is  formed  at  each  elec- 
trode and  passes  into  the  nearly  insoluble  sulfate  as  fast  as  it  iB 
produced.  After  the  cell  is  discharged,  each  electrode  is  coated 
with  lead  sulfate,  instead  of  lead  dioxide,  or  spongy  lead.  The 
cell  may  now  be  "charged"  by  passing  a  current  of  electricity 
in  the  reverse  direction.  At  the  anode,  or  dioxide  plate,  the 
divalent  lead  ion  receives  two  positive  charges  and  is  changeii 
to  plumbic  sulfate,  which  at  once  hydrolyzes  and  gives  the 
dioxide.  At  the  cathode,  or  spongy  lead  plate,  the  divalent  lead 
ion  is  reduced  to  the  metal  which  comes  out  in  a  spongy  condi- 
tion, and  after  somewhat  more  electricity  has  been  passed 
through  than  was  taken  out,  the  cell  is  restored  to  its  original 
condition.  The  excess  of  electricity  is  due  to  unavoidable  losses. 
The  reactions  may  be  represented  by  the  following  equations, 
at  the  positive  or  dioxide  plate  on  discharge, 
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PbO,  +  2H,S04?=^PbS04  +  2H2O  +  SOr  "  +  ®  ® 

irhich  ®  ®  represents  the  two  +  charges  given  up  by  the 
avalent  lead  and  passed  through  the  wire  to  the  negative  or 
agy  lead  plate,  where  the  following  reaction  takes  place, 

Pb  +  SO4  -  -  +  ®  ®  ?=fcPbS04 

^n  charging,  these  equations  are  reversed, 
jialytical  Properties  of  Lead. — Divalent  lead  forms  a  diffi- 
;ly  soluble  chloride  which  puts  it  in  an  analytical  group  with 
er  and  mercurous  mercury;  from  these  it  is  distinguished  by 
solubility  of  lead  chloride  in  hot  water.  The  very  slight 
ibility  of  lead  sulfide  in  dilute  acid  and  in  alkali  sulfides  places 
1  an  analytical  group  with  mercuric  mercury,  copper,  cadmium 
I  bismuth.  From  these  it  is  distinguished  by  the  very  slight 
ibility  of  its  sulfate,  all  the  other  sulfates  of  the  group  being 
ily  soluble.  The  properties  of  the  chromate,  and  hydroxide 
also  of  analytical  importance. 
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ing   the   well-knowu 


are  polyvalent  elements  wi 
■  group  may  be  divided  intt 

of  the  rare  and  comparst 
m,  columbium,  needy  mi  um 
n  group,  while  the  other  «b 

nitrogen,    phosphorus, 


antimony,  and  biBinuth  may  be  called  the  arsenic  group, 
members  of  the  arsenic  sub^oups  form  a  particulariy 
marked  family  and  change  their  properties  in  a  very  re 
manner  with  increasing  atomic  weight.  The  tendenc; 
served  with  the  preceding  groups  for  the  basicity  to  dec 
from  group  to  group  is  continued  here.  Nitrogen  and  phospl 
are  entirely  non-metallic  in  their  chemical  and  phj^sical  pi 
ties;  arsenic  shows  principally  non-metallic  characteristics 
some  few  of  the  properties  of  a  metaJ;  antimony  is  both  a 
and  an  acid-forming  element,  while  bismuth  is  almost  excliu 
base-forming. 

Every  member  of  Group  V  forms  an  acidic  pentoxide 
lower  oxides  are  more  basic,  or  at  least  less  acidic  in 
tendencies. 

Vanadicm  Stjb-gboxjp 

From  the  relations  found  in  the  other  groups,  it  mi^ 
expected  that  the  members  of  this  family  would  be  more 
than  the  corresponding  ones  of  the  arsenic  group.  Vana 
meets  this  expectation  for  it  is  distinctly  more  basic  than  an 
while  columbium  and  tantalum  are  apparently  rati: 
acid  than  base-forming  elements,  but  their  compoun 
been  thoroughly  studied. 
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These  three  metals  all  combme  very  vigorously  with  oxygen 
and  have  high  melting-points. 

Vanadium,  atomic  weight  51,  forms  five  oxides,  V2O,  VO,  V20», 
VOf ,  VjOs,  analogous  to  the  five  oxides  of  nitrogen.  The  second 
and  third  of  these  are  base-forming  and  yield  the  vanadous  and 
vanadic  salts,  while  the  fourth  and  fifth  are  acid  anhydrides  and 
give  the  vanidites  and  vanidates  respectively.  It  forms  the 
foUowing  chlorides:  VCU,  VCl,,  VCI4,  VOCU  and  VOa,.  The 
group  VO  is  very  interesting  because  it  acts  like  a  complex  di- 
and  trivalent  cation,  forming,  for  example,  vanadyl  sulfate, 
VOSO4,  and  di-vanadyl  sulfate,  (VO)2(S04)«.  V0++  is  called 
vanadyl  and  V0+++  di-vanadyl. 

Columbium,  Cb,  atomic  weight  93.5,  and  tantalum,  Ta,  atomic 
weight,  181.5,  are  very  rare  and  hard  to  separate.  Their  prin- 
cipal compounds  are  the  coliunbates  and  tantalates. 

The  atomic  weight  of  neodymium,  144.3,  seems  to  place  this 
element  in  this  group  but  its  properties  are  very  much  Uke  those 
of  cerium  with  which  it  is  always  found  associated  in  nature. 
As  yet  neither  the  element  nor  its  compounds  have  found  any 
applications. 

The  Arsenic  Family 

The  members  of  this  family  are  very  similar  to  nitrogen  and 
especially  to  phosphorus;  a  proper  grasp  of  their  chemistry 
may  be  most  readily  obtained  by  comparison  with  these  elements, 
noting  the  points  of  similarity  and  of  difference.  At  the  end  of 
this  chapter  the  whole  family  will  be  summarized  in  the  form  of 
a  table. 

Arsenic 

Occurrence. — Arsenic  occurs  free  in  nature  and  also  in  com- 
bination, chiefly  in  the  sulfide  of  the  metals  in  which  it  replaces  a 
part  of  the  sulfur,  arsenical  pyrite,  FeAsS,  may  be  given  as  an 
example  of  such  a  compound.  It  is  also  found  as  the  trioxide, 
AsiOs,  and  as  the  two  sulfides  orpiment,  «AssSs,  and  realgar, 
AssSa.  The  ores  of  many  metals  very  often  contain  arsenic,  and 
the  removal  of  this  pi^mAnt  ig  one  of  the  aerioos  problems 
conneeted  wHli  1 
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Preparation. — The  element  arsenic  is  obtained  on  &  manu- 
facturing scale  by  heating  arsenical  pyrite  which  decomposes 
into  ferrous  sulfide  and  arsenic, 

4FeA8S  =  4FeS  +  Aa* 

It  may  be  prepared  in  the  laboratory  by  reducing  the  triondi 
with  charcoal. 


L  +  3C0, 

s. — Arsenic  forma  at  least 
or  metallic  arsenic,  yellosr 
phous  form.  One  of  these, 
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Physical  and  Ct 
tiiree  solid  modific 
arsenic,  and  a  blacK 
the  ordinary  or  met 
another,  the  yelloi 
phorus.  Ordinary 
sublimes  at  450"  witi 
not  dissolved  by  carbon  disu 
air  unless  the  temperature  is  raised.  When  heated,  it  buroB 
forming  AstOt.  It  is  not  attacked  by  acida  with  the  evolution 
of  hydrogen.  Nitric  acid,  however,  dissolves  it  forming  oxides 
of  nitrogen  and  arsenic  acid,  HtAsO*.  It  combines  directly  witb 
the  halogens,  witb  sulfur  and  with  many  metals. 

Yellow  arsenic  is  made  by  rapidly  cooling  the  vapor  of  ordinary 
arsenic.  It  is  crystalline,  sulfur-yellow  in  color  and  much  more 
volatile  than  the  ordinary  form.  Like  yellow  phosphonu, 
it  is  soluble  in  carbon  disulfide  and  phosphoresces  in  the  sir 
at  ordinary  temperatures.  It  is  even  more  poisonous  than  the 
metallic  modification. 

The  molecular  weight  of  the  vapor  of  arsenic  at  temperatures 
below  600"  indicates  a  formula  of  As*  while  at  1,700°  it  corre- 
sponds to  Asi- 

A  black  mirror-like  modification  of  arsenic,  which  is  deposited 
upon  cooling  the  vapors  under  such  conditions  that  the  yellov 
is  not  formed,  is  considered  to  be  another  modification  of  arsenic, 
and  was  formerly  held  to  be  amorphous,  but  it  has  been  shown 
to  be  crystalline. 

Arsenic  forms  two  series  of  compounds ;  in  the  one  it  is  triva- 
lent,  and  in  the  other  pentavalent.  There  are  a  few  compounds 
in  which  it  is  apparently  divalent. 
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Trivalbnt  Compounds 

rsine. — Arsenic  shows  another  point  of  similarity  to  nitrogen 
phosphorus  in  the  formation  of  the  hydrogen  compound 
tie,  AsHs,  analogous  to  ammonia  and  phosphine.  It  will  be 
.lied  that  ammonia  has  a  great  tendency  to  combine  with 
s  for  the  formation  of  anunonium  salts,  but  that  in  spite  of 
y  these  salts  were  practically  completely  dissociated  when  in 
form  of  vapor.  Phosphine  showed  a  much  smaller  tendency 
orm  such  salts  and  only  a  very  few  were  stable,  even  in  the 
1  state.  If  this  tendency  toward  instability  of  the  salts 
ild  continue  to  increase  with  the  atomic  weight,  arsine  could 
cely  be  expected  to  form  any  compounds  of  this  character, 
as  a  matter  of  fact  none  is  known.  Anunonia  is  fairly  stable, 
is  largely  decomposed  at  higher  temperatures  into  its  ele- 
its;  phosphine  is  less  stable  and  arsine  still  less, 
rsine  may  be  formed  by  the  action  of  water  upon  calcium 
nide,  CasAsa^ 

CaaAsa  +  6H2O  =  2AsH,  +  3Ca(OH)2 

by  the  reduction  of  a  soluble  arsenic  compound,  arsenious 
,  HsAsOs  for  example,  by  zinc  or  magnesium,  in  the  presence 
ydrochloric  or  sulfiuic  acids, 

HaAsO,  +  3Zn  +  6HC1  =  AsH,  +  SZnCU  +  SHjO 

^his  case,  ia  large  amount  of  hydrogen  is  given  off,  but  the 
Qe  is  easily  obtained  in  the  pure  state  by  passing  the  mixtiu-e 
»ugh  a  tube  surrounded  by  liquid  air.  The  arsine  condenses 
,  solid,  melting  at  —  119°  and  boiling  at  —  55°,  while  the 
rogen  is  not  liquefied  at  this  temperature, 
rsine,  either  pure  or  mixed  with  hydrogen,  may  be  almost 
pletely  decomposed  into  its  elements  by  passing  the  gas 
»ugh  a  red  hot  glass  tube.  The  arsenic  is  desposited  beyond 
burner  as  a  black  mirror.  Arsine  kindles  easily  and  biu'ns 
1  a  pale  blue  flame,  producing  water  and  a  white  smoke  of 
nic  trioxide.  Within  the  flame  itself  the  arsenic  is  evidently 
he  free  state,  because  if  a  piece  of  porcelain  or  other  cold 
jct  be  held  in  the  flame,  a  mirror  of  arsenic  will  be  deposited 
Q  it.  The  mirror  of  arsenic  formed  on  the  cold  porcelain,  or 
3sited  in  the  glass  tube  beyond  the  burner,  is  so  very  easily 
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seen,  even  when  only  the  merest  trace  of  a  soluble  compound  i  | 
arBenic  ts  introduced  into  the  hydrogen  generator,  thatthisMl, 
which  is  known  as  Marsh's  test,  is  an  exceedingly  valuable  om.  I 
Antimony  behaves  in  much  the  same  way,  but  the  two  mirron  | 
may  beeAfiily  distinguished  as  will  be  seen.  The  zinc,  acid  andem  I 
the  glass  used  must  be  especially  pure  and  a  "blank"  experiment, 
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md  the  inhalation  of  em 
eath. 
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Anenic  Trioade.— Arsemc 
usually  called,  is  the  most  imt- 
occurs  in  nature  in  small  que 
tbo  subUmation  of  the  flue  di 
ores. 

There  are  two  different  crystalline  forma  of  the  trioxide, 
octahedral  and  monoclinic,  and  also  an  amorphous  modificatioa. 
In  the  process  of  purification  by  sublimation  the  arsenic  trioxide 
collects  aa  an  amorphous  glass-like  substance,  which,  upon  being 
kept  for  some  time,  gradually  becomes  milk  white  and  looks 
very  much  like  porcelain.  The  change  in  appearance  is  due  to 
the  pass^e  of  the  amorphous  into  a  crystalline  (octshednl) 
modification.  It  is  not  very  soluble  in  water,  (about  2  gnn. 
per  100  of  water  at  25°).  As  usual  the  amorphous  is  more  soluble 
than  the  crystalline. 

The  vapor  density  of  the  trioxide  at  temperatures  near  600° 
corresponds  to  the  formula  As^O*  and  on  this  account  it  is  some- 
times called  the  hexoxide,  but  at  1,800°  the  formula  indicated  is 
AS)Ot,  and  this  simpler  one  is  that  generally  used. 

The  trioxide  is  very  easily  reduced  by  charcoal  or  by  potasdum 
cyanide  with  the  formation  of  the  metal.  It  acts  both  as  an 
acid-  and  as  a  base-forming  oxide,  but  is  only  slightly  baeic. 
With  concentrated  sulfuric  or  hydrochloric  acid,  it  forms  oompli* 
cated  sulfates  or  the  trichloride,  AsClj.  These  aalts  are  com' 
pletely  hydrolyzed  upon  dilution  with  much  water.  The  tri- 
oxide is  highly  poisonous,  but  if  taken  in  repeated  small  dosedt 
the  aystem  becomes  accustomed  to  the  substance  and  qiMAtititf 
may  be  taken  with  safety  which  would  ordinarily  ^  ffttal% 


inMiioDs  Acid. — A  solution  of  arsenic  triojtide  in  water  is  1 
t»tly  acid,  and  is  called  arsenious  acid.  When  attempts  are  ^ 
ie  to  obtain  the  acid  in  the  anhydrous  state,  it  decomposes 
>  water  and  the  trioxide.  The  trioxide  is  easily  soluble  in 
ium  hydroxide  solution,  and  from  this  sodium  arsenite, 
■AbO),  may  be  obtained.  This  sodium  arsenite  is  an  impor- 
it  article  of  commerce  and  is  used  for  making  sheep  "dips"  as 
11  88  for  manufacturing  and  chemical  purposes.  Like  all  other 
enic  compounds,  it  is  very  poisonous.  The  arsenites  of  most 
the  metals,  other  than  the  alkalies  are  but  slightly  soluble. 
ndon  purple,  impure  calcium  arsenite  and  arsenate  obtained 
a  byproduct  in  the  manufacture  of  analine  dyes,  and  Paris 
Sen,  a  copper  acetate  and  arsenite,  Cui(CiH|Oj}(AsOj),  are 
id  as  insecticides,  and  Scheele's  green,  CuHAsOj,  is  sometimes, 
>ugh  rarely  at  the  present  day,  used  as  a  pigment.  It  is 
jectionable  on  account  of  its  poisonous  nature.  Ferric  hydrox- 
I  forms  very  difficultly  soluble  arsenites,  and  is  used  as  an 
tidote  in  cases  of  poisoning  with  arsenic  trioxide  or  its  salts. 
le  arsenites  are  easily  oxidized  to  the  arsenates. 
The  Halogen  Compounds. — Arsenic  trichloride,  AsCli,  is  the 
38t  important  halogen  compound  of  arsenic.  It  is  a  colorless, 
ly  liquid,  boiling  at  130°,  It  may  be  formed  by  the  action  of 
lorine  upon  arsenic,  or  by  hydrochloric  acid  upon  the  trioxide. 
"ben  dissolved  in  water,  it  undergoes  very  extensive  hydrolysis 
itb  the  formation  of  hydrochloric  acid  and  arsenious  acid,  which 
turn  is  largely  decomposed  into  the  slightly  soluble  trioxide  and 
iter.  This  action  is  much  like  that  between  phosphorous  tri- 
Joride  and  water,  with  the  exception  that  the  hydrolysis  of  the 
Beoic  compound  is  reversed  by  the  addition  of  concentrated 
'drochloric  acid.  Because  of  this,  the  trioxide  is  more  soluble 
hydrochloric  acid  than  in  water.  Because  of  the  volatility  of 
senic  trichloride,  precautions  have  to  be  taken  before  the  i 
aporatioD  of  an  acid  solution  of  arsenic  containing  chlorine  as 
!  to  see  that  the  arsenic  is  oxidized  to  the  pentavalent  form, 
d  that  no  reduction  takes  place  during  the  process.  Arsenic 
fluoride  is  a  colorless  hquid,  while  the  bromide  and  iodide  are 
ids. 

Arsenic  Trisulfide.— Arsenic  trisulfide,  AsjSi,  b  found  in  n 
the  mineral  called  orpJment,  which,  upon  being  ground,  yieldi 
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a  lustrous  yellow  powder,  which  was  formerly  used  as  a  pign 
It  may  be  prepared  in  the  laboratory  by  passing  hydrogen  M 
through  an  acid  solution  of  an  arsenite,  or  of  arsenious  < 
Under  these  conditions,  it  comes  down  promptly  as  a  floca 
yellow  precipitate.  If  the  hydrogen  sulfide  is  passed  thron 
pure  solution  of  araenious  acid,  no  precipitate  will  appear, 

the  solution  beco: """ —  '■•  :;olor,  and  contains  the  sulfii 

colloidal  solution  m  iP'  very  small  particles,  as  is  d 

by  the  fact  that  t  y  of  light  through  the  soluti 

visible,  and  the  soiu  :es  light.     The  addition  of 

and  of  neutral  s.  be  particles  to  gather  into  i 

and  to  precipitate.  ;  about  this  result,  the  salt 

more  active  the  higher  mt,  ice  of  the  cation,  but  the  ani 

almost  without  infliipr 

The  sulfide  is  p  iluble  in  even  the  strongest 

hydrochloric  acid,  .  >  bli  vly  dissolved  by  boiling  co; 

trated  hydrochloric  acid  with  a  volatilization  of  arsemc  tii 
ride.  Strong  HG  and  KClOi  will  dissolve  it  with  the  form 
of  arsenic  acid,  HiAsO^,  sulfuric  acid  and  reduction  produi 
the  chlorate.  It  is  soluble  in  the  alkali  sulfides,  giving 
arsenites  (NH4)aAsSa,  if  the  sulfide  is  colorless;  or  thioarsei 
(NHOiAsSi,  if  a  polysulfide  is  used.     The  equations  are 

AsjS,  +  3(NH0tS  =  2{NH.).A8S, 
2Asj8,  +  {NH.)»Ss  =  2A8t8(  +  (NH^^S 
AbsS»  +  3(NH0iS  =  2(NH4)^8S4 

The  corresponding  sulfides  of  sodium  and  potassium  wi 
course,  give  sodium  or  potassium  tbioarsenites,  or  thioarsen 
The  extra  sulfur  of  the  polysulfide  is  the  oxidizing  agent,  t 
changes  the  trisulfide  to  the  penta-,  which  is  then  dissolvi 
form  the  thioarsenate.  When  an  acid  is  added  to  one  of 
solutions,  thioarsenious  or  thioarsenic  acid  is  formed, 
of  these  at  once  decomposes  evolving  hydrogen  sulfide 
precipitating  a  trisulfide  from  the  thioarsenious  acid,  o 
pentasulfide,  AsiSt,  from  the  thioarsenic  acid.  This  beh 
of  the  sulfide  toward  alkah  sulfides  is  very  much  like  that  i 
sulfides  of  tin  and  puts  arsenic  and  tin  into  the  same  anal; 
group. 
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Colloidal  Solutions. — Colloidal  solutions  have  been  repeatedly 
mentioned,  and  in  each  case  it  has  been  pointed  out  that  they 
ore  vittbly  heterogeneous  when  a  powerful  beam  of  light  passing 
hrough  them  is  viewed  by  a  microscope,  at  right  angles  to  the 
ight.  The  minute  particles  in  suspension  are  seen  as  points  of 
ight  in  a  ceaseless  dance  called  the  Brownian  movement.  As 
¥as  explained  on  p.  75,  this  movement  is  supposed  to  be  due  to 
he  hammering  of  the  molecules  of  the  liquid  upon  the  suspended 
K>lute.  Every  solid  or  non-miscible  liquid  when  exposed  to  water 
^es  on  an  electric  charge  either  positive  or  negative  depending 
ipon  which  kind  of  ion  it  adsorbs  in  the  greater  amount.  Most 
5olloids  become  negatively  charged,  but  the  hydroxides  of  the 
netals  are  positive.  These  charges  on  the  colloid  help  to  hold 
/he  particles  apart  and  to  keep  the  solute  in  suspension.  If  in 
iny  way  these  charges  are  neutralized,  the  particles  collect  to- 
other and  soon  settle  out  as  a  precipitate. 

Arsenic  sulfide  is  a  negatively  charged  colloid,  and  the  neutral 
salts  precipitate  it  because  the  sulfide  adsorbs  enough  of  the  cation* 
to  neutraUze  its  negative  charge;  and  then  the  particles  gather 
iogether  like  newly  churned  butter  until  they  are  large  enough  to 
liter  out. 

It  will  be  remembered  that  colloids  are  almost  without  efiFect. 
ipon  the  boiling-  and  freezing-point  of  the  solvent. 

Pentavalent  Compounds 

Arsenic  Pentozide  and  Arsenic  Acid. — When  arsenic  or  the 
rioxide  is  treated  with  concentrated  nitric  acid,  a  solution  is 
ibtained  from  which,  after  high  concentration,  a  hemihydrate  of 
►rthoarsenic  acid,  2HaAs04H20,  crystallizes.  This  acid  is  a 
?hite  very  soluble  and  deliquescent  substance.  Like  phosphoric 
kcid,  to  which  it  is  analogous,  it  is  tribasic  and  forms  three  series 
»f  salts.  The  soluble  normal  salts  are  like  the  corresponding 
)hosphates  in  that  they  are  largely  hydrolyzed  and  their  solutions 
ire  highly  alkaUne.  When  the  orthoarsenic  acid  is  heated,  it 
OSes  water  and  passes  into  the  pentoxide,  AS2O6.  When  ortho- 
phosphoric  acid  is  heated,  the  loss  of  water  stops  with  the  forma- 
Aon  of  metaphosphoric  acid  and  does  not  go  so  far  as  to  form  the 
pentoxide. 

28 
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The  ortho phosphates  and  the  orthoarsenates  are  isomorpbou 
and  have  about  the  same  solubilities,  so  that  it  is  not  altogelkti 
an  easy  matter  to  distinguish  between  the  two  groups  of  sallt. 
The  sharpest  distinction  rests  upon  the  fact  that  arsenic  ioma 
difficultly  soluble  sulfide  with  hydrogen  sulfide  in  acid  solutions, 
while  phosphorus  does  not. 

Sodium  arsenate,  Wo.HAon.  o.,(j  the  bi-  or  pjToarBeiiil». 
NaiAsjOT,  have  becomv  articles  of  commerce,  liein! 

used   to  prepare  the  lei  s,   PbiCAsO*}!  or  PbHA*Ot 

which  are  extensively  en  sprays  to  protect  fruit  trea 

from  the  attacks  of  inseo- 

Pentasulfide. — Arse  le  is  a  yellow  powder,  whidi 

may  be  obtained,  as  mi  ?,  by  acidulating  a  solution  of 

a  thioarsenate.     It  is  aiso  <  by  passing  a  rapid  stream  of 

hydrogen  sulfide  int4  arsenic  acid  in  concentrated 

hydrochloric  acid.     ±  unstable  substance,  readily 

decomposing  into  the  trisulUdc  at  sulfur  and  having  about  the 
same  solubilities  as  the  trisulfide.  In  dissolving  in  the  alkali 
sulfides,  thioarsenates  are  formed  whether  the  sulfide  be  colorless 
or  yellow. 

Divalent  Compounds.^The  best  known  of  these  compounds 
are  the  iodide,  Aslj  and  the  sulfide,  AsjSj.  The  latter  occun  in 
nature  and  is  known  as  realgar.  It  has  a  red  color,  melts  easily. 
and  burns  to  arsenic  trioxide  and  sulfur  dioxide.  It  may  be 
made  by  heating  together  arsenical  pyrite  and  pyrite, 

2FeA8S  4-  2FeS,  =  4FeS  +  AsiSi 

^''  Antimony 

Occurrence. — Very  small  quantities  of  antimony  are  found 
free  in  nature.  The  principal  ore  is  a  trisulfide  or  atibnite, 
SbtS).  From  stibnite  the  metal  is  prepared  either  by  fusion 
with  metallic  iron,  which  yields  antimony  and  ferrous  sulfide,  or 
the  ore  is  first  roasted,  forming  sulfur  dioxide  and  antimony 
tetroxide,  SbiO*;  the  latter  is  then  reduced  by  carbon.  The 
metal  prepared  by  either  of  these  processes  is  not  pure  and  mutt 
be  remelted  with  sodium  sulfate  and  slag  from  previous  opera- 
tions and  finally  with  potassium  carbonate  and  slag. 
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wrties. — When  pure,  antimony  is  a  silvery  white,  highly 
line  metsl,  which  may  be  easily  powdered  and  which  has 
dty  of  6.7.  It  melts  at  630°  and  boUs  at  1,440°.  The 
density  indicates  a  mixture  of  Sbi  and  Sb4  in  the  vapor  at 
Beffldea  the  ordinary  form  which  has  just  been  briefly 
>ed,  there  is  a  very  unstable  yellow  modification,  cor- 
ding to  yellow  phosphorus,  a  more  stable  black  form, 
1  explosive  kind  which  is  deposited  by  electrolysis  from 
itrated  solutions  of  the  trichloride.  Antimony  is  a  con- 
it  of  several  important  alloys.  Type  metal  contains  two 
>f  lead  and  one  part  each  of  tin  and  antimony.    Like  most 

alloys  of  antimony,  it  expands  upon  solidification  and 
makes  sharp  castings.  Babbit  metal  contains  1.5  per  cent. 
-,  13  per  cent,  antimony,  45.5  per  cent,  tin  and  40  per 
ead.  It  is  used  as  an  antifriction  metal  for  the  bearings 
jhinery. 
imony  is  stable  in  the  air  at  ordinary  temperatures,  but 

when  heated,  forming  the  trioxide  or  tetroxide,  Sbi04. 
ibines  directly  with  the  halogens  and  is  oxidized  by  nitric 
D  either  the  trioxide  or  antimonic  acid,  HiSbO*,  with  the 
tion  of  nitrogen  peroxide.  Hot  concentrated  sulfuric  acid 
the  sulfate  Sbi(30()i  and  sulfur  dioxide.  Dilute  sulfuric 
md  hydrochloric  acid  are  without  action  upon  the  pure 

imooy  forms  two  series  of  compounds;  in  the  one  it  is 
mt,  and  in  the  other  pentavalent.  The  trivalent  are  the 
numerous  and  important. 

Tbivalbnt  Compoonds 

tine. — One  strong  point  of  resemblance  between  antimony 
le  preceding  members  of  the  group  is  the  formation  of  the 
gen  compound,  stibioe,  SbHt.  This  is  a  colorless,  gaseous 
mce,  hquefyiog  at  —  18°  and  freezing  at  —  91,5°.  It  is 
poisonous.  It  is  formed  by  the  action  of  zinc  in  acid  solu- 
ipon  a  soluble  antimony  compound.  The  reaction  is  very 
r  to  that  for  the  preparation  of  arsine.  Stibine  is  even 
readily  decomposed  than  arsine  and  may  explode.  When 
i  through  a  hot  tube,  the  decomposition  goes  on  rapidly 
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at  200"  and  the  antimony  is  deposited  as  a  fusible  oon-.<~» 
mirror  on  both  aides  of  the  heated  portions  of  the  tulw.   TV    ., 
mirror  of  arsenic  from  arsine  is  always  deposited  beyond  thcW 
part  of  the  tube  and  volatilizes  easily  without  melting. 

The  Trioxide  and  Its  Acids. — The  density  of  the  vspotJ 
antimony  trioxide  at  1,560°  corresponds  with  the  formula,  Sb^ 
analogous  to  that  ■  ir  arsenic  triosides  at  lo« 

temperatures.     In  s  formula  of  the  suhstAnwi 

usually  written  9b»''  led  the  trioxitie,  rather  llm 

the  hexDxide.     It  i  by  acting  upon  antintiaif 

with  nitric  acid  or  metal  in  a  limited  supply 

air.     It  is  a  whit"  istance  which   is  practicilly 

insoluble  in  water  r  nitric  acid;  Jt  is  soluble  B 

moderately  dilute  tartaric  acid  and  in  corns* 

trated  eulfuric  acic  i  of  sodium  or  potaasium  fa^ 

droxide.    These  pro,  it  it  is  both  basic  and  adifei   ' 

and  therefore  not  strong  in  eitn^       ay.     Both  aeries  of  salts  ufY 
largely  hydrolyzed. 

The  hydroxide,  Sb(OH)»  is  a  white  solid  which  has  the  saffltl 
solubilities  as  the  trioxide.  When  the  oxide  or  hydroxide  dis- 
solves in  sodium  hydroxide,  sodium  mefa-antimonite,  NaSbOi, 
is  formed.  Antimony  hydroxide  is  soluble  in  potassium  hydro- 
gen tartrate  KHC,H40»  or  "cream  of  tartar,"  as  it  is  oft« 
called,  owing  to  the  formation  of  the  complex  salt  tartar  emetic, 
or  potassium  antimonyl  tartrate,  K(SbO}C4H40e'HHtO,  Thii 
salt  is  important  in  medicine  and  also  in  the  laboratory,  since  it 
is  almost  the  only  antimony  compound  which  will  form  a  clear, 
neutral  solution.  The  explanation  of  this  is  found  in  the  very 
small  ionization  of  the  ion,  Sb+  +  ''-  from  the  complex  antimoQvl 
tartrate  ion,  SbOC,H*OB~.  The  group  SbO  is  called  antimonyl 
and  acts  like  a  monovalent  cation.  The  solubility  of  the  Irioiiiie 
in  tartaric  acid  is  due  to  the  formation  of  antimonyl  tartrate  ion. 
Because  of  the  weakness  of  the  basic  properties  of  the  hydroride, 
no  carbonate  is  known  and  the  chloride  and  sulfate  are  largely 
hydrolyzed  with  the  precipitation  of  basic  salts.  When  these 
basic  salts  are  boiled  with  water,  the  hydrolysis  becomes  com- 
pleted and  the  trioxide  is  formed. 

Halogen  Compounds. — The  most  important  halogen  compouD'^ 
is  the  trichloride,  SbCl,.     Thif  ^e  readily  prepared  by  di 
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L>nng  the  trisulfide  in  strong  hydrochloric  acid  and  distilling. 
X«  water  passes  off  first  and  then  the  trichloride.  It  is  a  white 
Lid,  melting  at  72.0''  and  boiUng  at  233^.  With  a  small  quan- 
•y  of  water  it  gives  a  white  precipitate  of  the  oxychloride, 
^OCl,  which  is  sometimes  called  antimonyl  chloride.  With 
Ore  water  the  compound  Sb405Cl2  is  formed,  and  when  this  is 
^^ed  with  hot  water  the  oxide  is  left  behind.  Hydrochloric 
•id  will  reverse  this  hydrolysis  even  more  readily  than  that 

arsenic  trichloride. 

The  trichloride  is  used  in  medicine  as  a  caustic  and  technically 
^T  bronzing  iron,  and  in  dyeing  as  a  mordant. 

The  trifluoride,  SbFg  forms  colorless  crystals,  which  are  de- 
quescent  and  whose  solution  may  be  diluted  without  precipita- 
.on,  owing  probably  to  sUght  ionization  of  the  salt. 

The  tribromide,  SbBrg,  and  triiodide  Sbl^  are  formed  in  the 
sune  way  as  the  chloride.    They  are  easily  decomposed  by  water. 

Other  Salts. — ^The  salts  of  the  oxyacids  in  general  are  not  very 
table  and  are  hydrolyzed  even  more  readily  than  the  halogen 
&lt8.  The  sulfate,  Sb2(S04)a,  and  the  nitrate,  Sb(N08)8,  may  be 
btained  in  solution,  but  the  latter  will  not  stand  dilution  and 
xm  decomposes  on  standing,  in  spite  of  an  excess  of  acid. 

Antimony  Trisulfide. — ^Antimony  trisulfide,  Sb2S8  is  known 
oth  in  the  crystalline  and  amorphous  state.  The  crystalUne 
lodification  is  black,  melts  at  450^,  and  has  a  metalUc  luster, 
t  is  found  in  nature  and  is  known  as  stibnite;  it  may  also  be 
>rmed  by  heating  the  red  amorphous  form  to  220°.  The 
morphous  modification  is  precipitated  when  hydrogen  sulfide 
I  passed  into  an  acid  solution  of  an  antimony  salt.  It  is  orange 
ed  in  color  and  is  soluble  in  concentrated  hydrochloric  acid,  but 
I  precipitated  upon  dilution.  A  method  for  separating  arsenic 
nd  antimony  may  be  founded  upon  the  difference  in  the  behavior 
f  their  siilfides  toward  hydrochloric  acid.  Arsenic  sulfide  is 
ompletely  precipitated  in  very  strong  hydrochloric  acid,  while 
ntimony  is  unaffected.  The  solution  is  then  filtered  and  diluted, 
rhen,  upon  the  passage  of  more  hydrogen  sulfide,  antimony  is 
uantitatively  precipitated  as  the  sulfide. 

Antimony  trisulfide  is  soluble  in  solutions  of  sodium  or  am- 
lonium  sulfide,  or  polysulfide,  with  the  formation  of  thio- 
otimonites  with  the  sulfides,  and  thioantimonates  with  the 
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polysulfides,  tlii'  iL'actiona  being  strictly  analogous  to  those ii 
the  arsenic  compound; 

Sb,S,  +  3{NH,)sS      =  2(NH4),SbS, 
2SbiS,  +    (NH,),SSi  =  2Sb,S,  +  {NH.),8 
SbiSi  +  3(NH0,S      =  2(NH,)^bS4 

The  most  common  thioantimonate  is  that  known  as  Schlippc^ 
salt,  NaiSb8<-9H20. 

When  the  solutions  of  the  thio  salts  are  acidulated,  thit- 
antimoniouB,  or  thioantimonic  acids  are  formed.  These  addi 
are  unstable  and  pron?"*'"  '"■'■"J'  down  into  hydrogen  sulfeit 
which  escapes  as  a  gas  «  ty  tri-  or  pentasulfides,  wbiti 

are  reprecipitated.     '  of  the  sulfide  in  ammomun' 

sulfide  and  its  rcprccipiti  .oida  placetj  antimony 

analytical  group  with  tin  a  ic. 


Pentava 


OMPOUNDB 


The  pentavalent  compound  formed  from  the  trivalent  by| 

the  action  of  oxidizing  age 

Antimony  Pentasulfide.-  thod  for  the  formation  of  tk] 

pentasulfide  has  just  been  given  m  ionnection  with  the  trisulfide. 
The  oxidizing  agent  in  this  case  is  the  polysulfide.  The  penta- 
sulfide is  a  yellow-red  substance  which  like  the  trisulfide 
soluble  in  strong  hydrochloric  acid,  the  sulfides  of  ammoDJum, 
and  of  the  alkalies.  It  is  reprecipitated  from  the  hydrochloric 
acid  solution  on  dilution,  and  from  the  other  solutions  upon 
acidulation.  The  thioantimonates  have  already  been  mentioned 
in  connection  with  the  trisulfide. 

Antimony  Pentachloride. — Antimony  pentachloride,  SbCls.  is 
a  colorless  liquid  freezing  at  —  6°.  It  is  formed  when  an  excess 
of  chlorine  nets  upon  powdered  antimoiiy  or  by  the  action  ot 
chlorine  upon  the  trichloride. 

When  the  pentachloride  is  treated  with  a  little  water,  various 
hydrates  are  formed,  while  with  more  water  it  is  completely 
hydrolyzed.givingiintimonic  ntid,  or  its  anhydride,  the  pentoxide. 

Antimonic  Acids  and  the  Pentoxide. — As  was  the  case  with 
phosphoric  and  arsenic  acid,  there  are  three  aatimonic  add 
Orthoantimonic,  HiSbO*,  pyroantimonic,  HtSbiOi,  an 
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monic,  HSbOa  acids.  When  these  acids  are  heated  they  pass 
into  the  pentoxide  and  water.  The  acids  and  also  the  pentoxide 
su*e  sparingly  soluble  in  water  or  acids,  but  dissolve  in  potas- 
aium  hydroxide.  These  properties  indicate  that  the  pentoxide  is 
A  purely  acid-forming  oxide.  Potassium  metantimonate,  KSbOa, 
is  formed  by  fusing  potassium  nitrate  with  powdered  antimony. 
When  boiled  with  water  it  forms  the  acid  pyro  salt,  KsHsSbsOr, 

2KSbOa  +  H,0  =  K,H,Sb,07 

This  potassium  salt  is  easily  soluble  in  water,  but  the  correspond- 
ing sodium  salt  requires  350  parts  of  water  for  its  solution,  and 
hence  is  precipitated  upon  the  addition  of  a  concentrated  solution 
of  the  potassium  salt  to  a  strong  solution  of  a  sodium  salt.  This 
is  interesting  as  it  is  one  of  the  least  soluble  inorganic  sodium 
compoimds.  As  a  test  for  sodium,  it  is  far  less  sensitive  and 
characteristic  than  the  flame-test. 

Antimony  tetroxide,  SbiOi,  is  formed  by  heating  the  trioxide 
to  somewhere  between  400^  and  775^  in  the  air.  In  the  absence 
of  reducing  agents  it  is  stable  up  to  high  temperatures.  It  is 
neither  an  acid  nor  a  base.  One  large  use  for  the  substance  is  in 
the  manufacture  of  enamel  ironware  for  cooking  purposes.  In 
view  of  the  highly  poisonous  character  of  antimony  compoimds, 
this  use  would  not  seem  to  be  wholly  free  from  objection. 

Bismuth 

GeneraL — Bismuth  is  far  more  metallic  in  its  character  than 
the  other  members  of  the  group.  The  trivalent  compounds 
are  the  only  stable  and  important  ones.  It  does  not  form  a 
compound  with  hydrogen.  Bismuth  trihydroxide,  Bi(0H)3  is  < 
the  strongest  base  in  the  family.  It  does  not  act  as  an  acid, 
and  does  form  carbonates,  nitrates,  phosphates,  sulfates,  etc. 
These  salts  are  hydrolyzed  by  water  so  the  hydroxide  is  not  a 
really  strong  base.  The  trisulfide  does  not  form  thio  salts  with 
the  alkali  sulfides. 

Occmrence  and  Preparation. — Bismuth  is  found  free  in  nature 
and  to  a  smaller  extent  as  the  sulfide,  BisSa,  and  oxide,  BisOs.  It 
is  obtained  from  its  ores  by  first  roasting  them  to  remove  sulfur, 
and  th^i  heating  in  a  crucible  or  reverberatory  furnace,  with 
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carbon  to  act  as  a  reducing  agent,  iron  to  reduce  uochangBi 
sulfide,  and  to  comMne  with  arsenic,  and  fluxing  material  to  font 
an  easily  fusible  siag. 

Properties. — Bismuth  is  a  hard,  brittle,  crystalline  metal  with 
a  high  luster  and  a  distinct  reddish  tinge  of  color.  It  ha£  i 
density  of  9.75,  melts  at  268°  and  boils  at  1,420".  Its  molfculsf 
weight  lies  between  that  reauired  for  the  formulas  Bi  and  Bi-. 
The  atomic  weight  is  alloys  of  bismuth,  leaii,  tin 

and  cadmium  have  \  wl\ich  have  a  melting-poinl 

below  the  boiling-poi:  ipowitz  metal  containing  li 

parts  bismuth,  8  ps  i  tin,  and  3  parts  cadmium, 

melts  at  60°.     Higher  I  are  used  as  safety  plugs  in 

steam  boilers  and  in  n  itic  fire  extinguishers.    Bis- 

muth alloys  expand  n  and  make  good  castings' 

Some  of  them  are  us  s  metal. 

The  metal  is  but  veij  d  upon  in  the  air  at  ordinal? 

temperatures,  but  when  neaucu  n  t  slowly  oxidized  to  the  Iri- 
oxide.  It  requires  a  fairly  strong  oxidizing  agent  to^anaform 
it  into  ion,  so  it  is  not  dissolved  by  hydrochloric  acid  in  tie 
absence  of  air.  It  is  dissolved  by  hot  concentrated  sulfuric  acid 
with  the  evolution  of  sulfur  dioxide  and  also  in  the  cold  by  nitrit 
acid  or  aqua  regia.  In  every  case,  a  salt  of  trivalent  bismuth  is 
formed. 

Bismuth  Trioxide. — Bismuth  trioxide,  BijOj,  is  a  yellow  sub- 
stance and  is  found  in  nature  as  bismuth  ocher.  it  is  made  in 
the  laboratory  by  heating  the  hydroxide,  carbonate  or  nitrate. 
The  trioxide  has  the  same  solubility  in  acids  as  the  hydrozidei 
which  is  given  below,  and  forms  the  same  salts.  It  ie  not  soluble 
in  bases.  The  hydroxide,  Bi(OH)j  is  a  white  amorphous  powder 
and  is  prepared  by  precipitating  a  bismuth  salt  with  ammonium 
or  sodium  hydroxide.  It  is  not  soluble  in  excess  of  the  base  and 
in  this  way  differs  radically  from  antimony  hydroxide.  AcidB 
dissolve  the  hydroxide  with  the  formation  of  salts,  such  as  the 
trichloride,  BiCU,  or  nitrate,  Bi(NOa)s.  When  solutions  of  the 
salts  are  diluted,  basic  salts  are  precipitated,  such  aa  the  oicy- 
chloride,  BiOCl.  In  fact,  clear  solutions  of  bismuth  salts  can  be 
prepared  only  in  the  presence  of  an  excess  of  acid. 

Bismuth  Salts.— The  nitrate,  Bi(NO,)j'5HjO,  is  the  most 
important   salt.     It   forms   clear   colorless   crystals   which  are 
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able  in  dilute  nitric  acid,  but  upon  dilution  the  solution  de- 
nts the  basic  salt,  BiONOa.  This  is  called  bismuth  subnitrate 
d  is  largely  used  in  medicine.  The  trichloride,  BiCls*HsO,  is 
orless  and  is  soluble  in  dilute  hydrochloric  acid.  It  forms  the 
ry  slightly  soluble  oxychloride  upon  dilution,  which  is  so  dij£- 
itly  soluble  that  it  is  used  in  the  identification  and  separation 
bismuth.    The  bromide  and  iodide  are  much  like  the  chloride. 

general,  all  the  bismuth  salts  are  easily  hydrolyzed  forming 
sic  salts.  This  hydrolysis  may  be  reversed  by  acids. 
Bismuth  Trisulfide. — Bismuth  trisulfide,  BiiSs,  is  formed  by 
3  direct  union  of  the  elements,  or  by  the  action  of  hydrogen 
fide  upon  a  moderately  acid  solution  of  a  bismuth  salt.  It  is 
)wni8h-black  and  is  not  soluble  in  water,  cold  dilute  acids,  the 
able  sulfides,  or  polysulfides.  It  is  soluble  in  concentrated 
drochloric  and  hot  dilute  nitric  acid;  in  the  latter  case  the 
fur  is  either  liberated  or  oxidized  to  the  sulfate.  These  prop- 
ies  pla^  bismuth  in  the  analytical  group  containing  mercuric 
rcury,  read,  copper,  and  cadmium.  It  is  distinguished  from 
Tcury  by  the  fact  that  its  sulfide  is  soluble  in  hot  dilute  nitric 
d,  while  that  of  mercury  is  not;  from  lead  by  the  slight  solu- 
ity  of  lead  sulfate  in  dilute  sulfuric  acid;  and  from  copper  and 
Imium  by  the  fact  that  the  hydroxide  of  bismuth  is  not  soluble 
an  excess  of  ammonium  hydroxide,  while  those  of  the  other 
>  metals  are.  It  is  finally  identified  by  dissolving  a  Uttle  of 
I  hydroxide  in  a  few  drops  of  dilute  hydrochloric  acid  and  pour- 

the  solution  into  water,  when  a  white  precipitate  of  the 
rchloride  will  form. 

>ther  Compounds. — Besides  the  trioxide,  bismuth  forms  the 
noxide,  BiO,  the  tetroxide,  Bii04,  and  the  pentoxide,  BisOs. 
nonosulfide,  BiS,  analogous  to  the  monoxide,  is  known.  Bis- 
ith  dichloride  and  dibromide  have  been  prepared,  but  no  penta- 
oride  or  bromide. 

The  facts  collected  in  the  following  table,  show  that  nitro- 
I  and  bismuth  differ  more  from  the  other  three  elements  than 
tse  do  from  one  another,  but  that  the  elements  taken  as  a 
ole  form  a  well-defined  family  with  fairly  regular  changes  in 
^perties  as  the  atomic  weight  is  increased.  Some  of  the 
•re  striking  of  these  changes  may  be  summarized  as  follows: 
the  atomic  wdght  increases,  the  elements  change  from  non- 
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metals  to  metals;  the  t 
of  the  element  rises;  t' 
ammonia)   rises;  the  e 
basic  properties  of  the 
of  the  oxides  decrease;  t 

Comparison  or  tkb  pnnpE 

□elting-poi 
e  boiling- 
abUity   of 
hydrides 
le  basic  pr 

nt,  boiling-point,  and  daiat; 
aoint  of  the  hydrides  (Mcqt 
the  hydrides   decrease;  ttt 
decrease;  the  acid  propertis 
operties  of  the  oxides  incresa. 

E  Arsenic  Fauilt  of  Eleudi 

NitCDC 

ArteniD 

—  i--| 

AtDOil  wt 

Fotmulw 

BoUiBiiKdnt 

N. 

-  aio" 

-IM' 
rr.-Cb. 

rt.wi 
*.»-a», 

+  480.0^ 
ISO' 
J.»-6,7 
Pr.-Cb. 

130.3 

eb»-8b, 

630- 

1.M0-.PP. 

8.T 

Fr.-Cb. 

BirK 

las' 

B.TS 

HydridM 

B.p,  □(  hydro  torn. 

NH, 
-33,5" 

AiHi 

BbHi 

'.'.'.W'.'Z- 

Malidii. 

PA, 
PA.' 

Ait. 
A<A. 

AiFt 

BiCl. 
BU, 
BiFi 

A-»ny 

NAj 

BbA. 

8bA,t 

OMm. 

NiO> 

NK),' 
N.O. 
N,0,' 

BH) 

BtA* 

BbO. 

BiA 

P,Oi 

Prf).' 

VUrf),"' 

Bt>Kh>-> 

ab,o.> 

Ai,0,' 

Add!. 

H.N,0. 
HNOi 

HJOt 

H.PO. 
HPO. 
HiPiO, 
BtPO. 

HAsC 
HiAiUT. 
HA.O.« 

HiA^i 

HSbO. 
HiSbOi 
HShOi 
HtSbKh 
BdbOt 

KNO. 

BulHd«. 

N.8. 

P.8. 
P.8. 

AiiB. 

Ai,B. 
A>.S> 

BU> 
BIA 
BiiB. 

Bb,B, 

fi"     N^. 

•  Except  PIi  which  ia  unknown. 

t  ElxceptSbBrtnhich  IB  unknown.    1  —  acid  fonning.   2  ■•  bue  forauoi' 
1,  2  —  both  acid  and  baae  fanning.    3  —  known  only  in  aalts. 


CHAPTER  XXVIII 

GROUP  VI 

U<- W«- Mo«- Cr«- 0-»S->Se-»Te 

Chromium  sub-sroup  Oxygen  ■ub-group 

The  members  of  Group  VI  fall  naturally  into  two  well-marked 
milies  or  sub-groups;  the  first  is  called  the  oxygen  or  sulfur 
'oup  and  is  made  up  of  oxygen,  sulfur,  selenium,  and  tellurium, 
hese  are  non-metals,  although  tellurium  posesses  some  of  the 
laracteristics  of  the  metals.  Their  melting-  and  boiling-points 
•e  comparatively  low  and  rise  regularly  with  the  atomic 
eights.  These  elements  all  form  compounds  with  the  metals 
hich  are  closely  analogous,  that  is  to  say  the  oxides,  sulfides, 
ilenides,  and  tellurides  are  much  alike.  They  all  form  com- 
3unds  with  hydrogen  which  are  readily  volatilized. 

The  members  of  the  chromium  family  are  chromium,  molyb- 
3num,  tungsten,  and  uranium.  These  are  all  distinctly  metallic, 
ive  very  high  boiling-points,  are  exceedingly  hard,  and  do  not 
Tm  hydrogen  compounds  analogous  to  water,  hydrogen  sulfide, 
,c.  The  two  sub-groups  then  differ  markedly  in  some  respects 
id  the  points  of  dissimilarity  are  about  what  would  be  expected 
om  what  has  been  noticed  in  the  other  groups.  The  elements 
'  the  chromiiun  sub-group  are  more  metallic  than  those  of  the 
dfur  family,  have  greater  densities,  and  higher  melting-points, 
he  members  of  the  whole  sixth  group  have  this  in  conunon  that, 
ith  the  exception  of  oxygen,  they  each  have  a  maximum  normal 
Edence  of  six  and  form  the  oxide  ROs,  in  which  R  stands  for  any 
lember  of  the  group.  Sulfur  forms  persulfuric  acid,  HsSsOg,  in 
hich  its  valence  appears  to  be  seven  and  possibly  chromium  has 
lis  san^  valence  in  the  very  unstable  perchromic  acid.  These 
sptavalent  compounds  are  to  be  regarded  as  rather  abnormal 
iT  the  group.  The  oxide  is  in  each  case  the  anhydride  of  an  acid, 
ut  the  strength  of  the  acid  decreases  as  the  atomic  weight 
icreases  imtil  with  tellurium  and  uranium  distinctly  bi 
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Bait  which  is  not  very  soluble  in  water,  but  is  dissolved  by  stroDf 
ocidfl.     It  is  about  the  most  stable  of  the  chromous  coinpouadc 

Chromic  CompouodB. — Chromium  in  the  chromic  compounds 
ii  trivalent,  and  the  properties  of  the  chromic  ion  are  very  mach 
like  those  of  aluminum,  and  the  trivalent  iron  and  manganoc 
iona.  All  the  fhromic  compounds  are  highly  colored;  in  solution 
tnoBt  of  them  are  violet  and  this  ix  said  to  be  the  color  of  the 
chromic  ion  Cf*"  +  *.     Soru  i  are  green,  but  these  have 

different  chemical  propt^rti  be   violet,  and  appareoUy 

contain  complex  iona.  ydroxide,  Cr(OH)i,  ia  veiy 

difficultly  soluble,  and  m  d  when  a  soluble  base  is 

added  to  a  ohromic  solution. 

Like  aluminum  hydroxide,  ii  )  a  base  and  as  an  acid,  and 

BO  diBsociates  as  follows; 

Cr+  +  +  +  30H-  i=i  H^  +  CrO,-  +  H,0 

It  is  soluble  both  in  acids  and  in  en  >8s  of  sodium  or  potassium 
hydroxide,  forming  in  the  first  case  chromic  salts,  and  in  the 
second   chromites  such  as   NaCrOs.     Upon  standing  or  mow     I 
quickly  whrn  boiled,  a  green  partially  dehydrated  form  of  the 
hydroxide  is  deposited  from  the  chromite  solutions. 

Ammonium  hydroxide  is  too  weak  a  base  to  dissolve  cbromiuiu 
hydroxide  with  the  formation  of  chromite,  but  it  does  dissolve  it 
slightly  owing  to  the  formation  of  complex  ammonia  ions- 
Chromic  hydroxide  is  a  very  wealc  base,  and  its  salts,  eepecially 
those  of  the  weaker  acids,  are  largely  hydrolysed,  so  the  8<^uble 
sulfides  precipitate  chromic  hydroxide  instead  of  the  sulfide. 
Carbonates  usually  precipitate  the  hydroxide,  but  under  some 
conditions  basic  carbonates  may  be  obtained.  This  action  is 
much  like  that  of  aluminum  salts. 

Chromic  oxide,  CrtOi,  may  be  made  by  heating  the  hydroxide 
or  ammonium  dichromate  (NHi)iCriOj. 

(NH,),Cr,OT  =  Cr,0,  +  4H,0  +  N, 
and  also  by  igniting  a  mixture  of  potassium  dichromate,  KiCriOi, 
and  sulfur 

K,Cr,0,  +  S?=iCr,0,  +  K»SO* 
The  oxide  has  a  fine  green  color  and  is  used  as  a  pigment. 


Ivotnic  Chloiide.— Anhydrous  chromic  chloride  is  made 
^g  the  metal  in  a  stream  of  chlorine.  It  eublimee  as  peach- 
eom-colored  scales  which  are  so  slowly  soluble  in  water  that 
jr  are  apparently  insoluble;  but  in  the  presence  of  minute 
.Qtities  of  a  powerful  reducing  agent,  for  example,  a  very  little 
omouB  chloride,  solution  begins  and  goes  on  so  rapidly  that 

temperature  of  the  system  is  raised  several  degrees,  and  a 
56  amount  of  the  chloride  goes  in  solution,  where  it  exists  in  the 
omic  state.  Alternate  reduction  to  the  chromous  and  oxida^ 
n  to  the  chromic  suggests  itself  as  an  explanation  for  the 
ion  of  the  reducing  agent. 

The  solution  obtained  in  this  way  is  green,  and  upon  the  addi- 
a  of  silver  nitrate,  from  one-  to  two-thirds  only  of  the  chlorine 
urecipitated  as  silver  chloride.  The  remainder  is  evidently 
Bent  in  complex  ions.  When  a  dilute  solution  of  the  chloride 
dlowed  to  stand  for  some  time,  it  becomes  violet;  and  then 

whole  of  the  chlorine  may  be  precipitated  by  silver  nitrate. 
>  violet  solution  is  also  a  better  conductor  of  electricity  than 

green.  By  carefully  evaporating  a  solution  of  the  chloride, 
en  crj'Stals  of  a  hexahydrate,  CrCls-eHiO,  may  be  obtained; 
ier  other  conditions,  two  more  modifications,  one  blue  and  the 
er  green,  each  containing  six  molecules  of  water,  may  be  pre- 
ed.  When  a  hexahydrate  is  heated,  it  decomposea  into  the 
ie  CriOi,  hydrogen  chloride  and  water. 

Ihiomic  Sulfate.— The  normal  sulfate,  Cr8(S0i)a  15H,0,  is 
let  in  color,  and  its  solution  contains  both  the  chromic  and 
ate  ions;  but  when  heated,  either  dry  or  in  solution,  it  turns 
;n,  and  under  certain  conditions,  passes  into  a  state  in  which 
fill  give  reactions  for  neither  chromic  nor  sulfate  ions.  Upon 
iwing  the  solution  to  stand  at  ordinary  temperature,  it  slowly 
sea  back  into  the  violet  modification.  The  electrical  con- 
itivity  of  the  violet  solution  is  much  greater  than  that  of  the 
en  under  like  conditions, 

rhromic  sulfate  combines  with  potassium  or  ammonium 
fate  to  form  the  corresponding  alum,  KCr(SO0i'12HiO 
NH,Cr(SO,)i  12H,0. 

rhese  are  violet  in  color  and  are  isomorphs  with  ordinary 
m.  When  a  solution  of  potassium  chrome  alum  is  boiled, 
tuniB  green  and  will  then  refuse  to  deposit  aytX^l 


I 

I 


448  GENERAL  CHEMISTRY 

cooling  until  it  has  stood  for  some  days  and  changrd  bi^ckiitD 
the  violet. 

Chromic  Acid  and  the  Chiomates. — Strong  oxidising  agent^li 
the  presence  of  the  alkalies  or  their  carbonates  will  change  the 
di-  or  trivalent  chromium  to  hexavalent  with  the  formation  ol 
chromates.  Of  these,  perhaps,  the  potassium  salt,  KjCrOi 
the  most  important  ulthonph  the  sodium  salt  is  cheaper  and  veiT 
largely  used.     Potas  is  made  by  heating  a  miituir 

of   chrome-ironston  arbonate    and    Umestoue  in 

contact  with  the  air.  l  is 

4Fe(CrO0»  +  8K,  ;K,CrOi  +  SCO,  +  2Fc,0i 

The  limestone  is  the  mixture  porous  ami » 

assist  the  oxidatic  is  extracted  with  water,  anJ 

any  calcium  chro;.  have  formed  is  decompose) 

by  the  addition  ol  late  or  sulphate. 

The  sodium  salt  i»  ^,.^,^«  3  same  way  using  the  so&» 

instead  of  the  potassium  cmuunav^.  The  chromates  are  epuIt 
all  yellow  in  color  and  have  about  the  same  solubilities  as  thf 
corresponding  sulfates  with  which  they  are  usually  isomorphoia. 
Lead  chromate  is  very  difficultly  soluble,  has  a  brilliant  yellc 
color  and  is  the  pigment  named  chrome  yellow.  When  attempts 
are  made  to  prepare  chromic  acid,  red  crystals  of  chromic  anhy- 
dride, CrOj,  are  obtained  and  apparently  the  acid,  HiCrOt 
cannot  exist  in  the  pure  state. 

Dichromates. — Chromic  anhydride  is  made  by  adding  con-  I 
centrated  sulfuric  acid  to  a  solution  of  potassiiun  dichromate; 
it  crystallizes  out  and  is  washed  with  nitric  acid.  It  will  be 
recalled  that  sulfuric  acid  combined  with  sulfuric  anhydride  SOi 
to  form  pyrosulfuric  acid,  HiSiOt,  and  that  this  acid  yields  t 
series  of  salts  called  the  pyrosulfates.  In  much  the  same  wa^i 
chromic  anhydride  will  combine  with  chromates  forming  the 
dichromates  as  they  are,  or  pyrochromates,  as  they  mi^t  be 
called. 

KjCrO*  +  CrOi  =  K,Cr,OT 

So  easily  does  this  reaction  take  place  and  so  readily  is  chromic 
anhydride  formed  in  solution,  that  dichromates  are  made  by 
simply  acidulating  solutions  of  the  chromates.  This  equation 
may  best  be  written  ionically: 
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2Cr04"  +2H+  +  SO4— ^±4K+  +  CuOi"  +  SOr"  + 

H,0 

bing  the  ions  which  are  unchanged 

2Cr04-  -  +  2H+?=±Cr,07-  '  +  H,0 

ction  being  reversible,  it  will  at  once  be  seen  that  adds 
easing  the  concentration  of  the  H*^  will  cause  it  to  go 
the  right,  and  transform  chromates  into  dichromates, 
ases  which  will  decrease  the  concentration  of  H'*'  will 
Lchromates  to  change  into  chromates.  The  above  equa- 
1  also  make  it  clear  why  the  dij£cultly  soluble  chromates 
bariiun  or  lead  are  precipitated  from  their  soluble  salts 
e  addition  of  potassium  dichromate.  As  fast  as  the  chro- 
n  which  always  exists  to  a  certain  extent  in  any  dichro- 
)lution  is  used  up,  more  is  formed  from  the  dichromate 
e  latter  is  finally  practically  all  used  up.  The  dichromate 
range  red  in  color  while  the  chromate  is  ydlow;  and  the 
of  color  may  be  used  as  a  rough  indicator  of  the  presence 
rOH- 

endency  of  chromic  anhydride  to  combine  with  chromates 
ixhausted  with  the  formation  of  dichromate  as  is  shown 
existence  of  such  compounds  as  ammonium  trichromaie 
3T9O19,  and  the  tetrachromate  (NH4)3Cr40i3* 
tendency  for  the  formation  of  complex  compounds  is 
lore  highly  developed  in  molybdenum  and  tungsten, 
mates  and  dicbromates  are  good  oxidising  agentd  changing 
hromic  compounds  and  giving  up  three  pofitive  dutrgm  m 
isfer  for  each  atomic  weight  of  diromium. 
romates  in  acid  solution  will  oxidise  alcc^l  to  tidAyde; 
to  carbon  dioxide;  ferrous  salts  to  ferric;  and  Hbersle 
i,  bromine  or  iodine.    In  eith^  acid  or  alkafine  sohiiioQy 
n  change  the  sulfur  ion  to  free  sulfur* 
myl  Chloridew — When  a  mixture  of  a  dichromate  and  a 
3  is  treated  with  a  concentrated  sulfaric  acid,  a  dark  nd 
liquid  distils  over  which  bears  a  striking  resemblanee  to 
B.    This  is  chromyl  chloride,  CrO/Hf : 

+  NajCraOr  +  ftH^SO*  -  aCrO/JU+ftN^HSOli 


4S0 

This  chromyl  chloride  is  analogous  to  eulfuryl  chloride  and  liit  I 
it  is  decomposed  by  water; 

2CrO,Cl,  +  3H,0  =  H,Cr,0,  +  4HC1  ' 

From  this,  it  is  seen  that  chromyl  chloride  is  an  acid  cUorii 
but  it  is  interesting  to  note  that  the  corresponding  uranium  coD- 
pound,  UOiCli,  is  a  "■'*  t'K^  »  Jq  accord  with  the  iiicres* 
in  the  basic  propertie  nic  weight. 

Photochemical  Re  i  gelatine  or  glue  is  \Kalei 

mth  a  compound  of  lium,  it  is  rendered  insoluble 

in  hot  water.     Use  it  n  tanning  leather  which  ton- 

tains  a  sort  of  gelati  nates  or  dichromates  do  nol 

act  in  this  way,  but  of  a  dichromate  and  glue  is 

exposed  to  the  sunli  )mate  is  slowl}'  reduced  and 

then  tans  the  glue.  Uly  important  photochemi(»l 

processes  are  found  f  a  metal  plate  coated  with 

mixture  of  glue  and  ammonmn  hromate  is  exposed  under  i 
■  especially  prepared  negative  and  then  washed  with  hot  water, 
the  glue  is  washed  away  where  the  plate  has  been  protected  from 
the  light,  but  not  in  the  other  portions.  The  metal  plate  is  then 
treated  with  acids,  and  the  parts  not  protected  by  the  tanned 
glue  are  partially  dissolved  away.  Such  a  plate  may  be  inked 
and  printed  from  in  a  regular  printing  press  and  the  dark  spots 
in  the  object  will  come  dark  in  the  print,  • 

Perchromic  Acid. — When  hydrogen  peroxide  is  added  to  an 
acid  solution  of  dichromate,  a  very  deep  blue  solution  is  ob-  < 
tained  which  soon  evolves  oxygen  and  turns  green.  The  deep  | 
blue  solution  is  supposed  to  contain  perchromic  acid  which  i»  ■ 
thought  to  have  the  formula  HCrOi.  The  appearance  of  this 
blue  color  is  a  delicate  test  for  either  hydrogen  peroxide  or  » 
chromate. 

Analytical  Reactions  of  Chromium. — All  the  comfKiunds  of  j 
chromium    are    strongly    colored ;    ehromous,    generally    blue;  . 
chromic,   violet   or  green;   chromate,   yellow,   and   dichromate  i 
orange  red.     Chromous  compounds  are  too  unstable  to  require 
much  attention.     Chromic  compounds  are  so  much  like  those 
of  aluminum  that  they  fall  into  the  same  analytical  group,  and 
are  precipitated  by  ammonium  hydroxide  in   the  presence  of  j 
ammonium  salts.     Chromium  is  most  readily  distinguished  from  ' 
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ron  and  aluminum  by  the  fact  that  its  hydroxide  is  oxidized  to 
cxlium  chromate  in  aqueous  solution  by  sodium  peroxide.  The 
Iiromate  may  be  recognized  by  its  strong  yellow  color,  by  the 
ormation  of  bariiun  or  lead  chromate  or  by  the  blue  color 
obtained  on  the  addition  of  hydrogen  peroxide  to  its  acid  solution. 

Molybdenum 

The  rather  rare  element  molybdeniun  is  the  second  member  of 
^he  chromium  family.  It  does  not  occur  free  in  nature  and  is 
'ound  chiefly  as  molybdenite,  the  sulfide,  MoSs,  and  also  as 
inilfenite  or  lead  molybdate,  PbMo04.  When  the  sulfide  is 
roasted  in  the  air  molybdenum  trioxide,  MoOs,  is  formed.  This 
[nay  then  be  reduced  to  the  metal  by  carbon  in  an  electric 
furnace,  by  hydrogen  at  a  high  temperature,  or  by  aluminum 
using  the  Goldschmidt  process.  It  is  a  silvery  white  metal 
which  is  about  as  hard  as  iron.  It  resembles  iron  in  that  it  can 
be  forged  when  hot,  takes  up  carbon  and  then  can  be  tempered 
like  steel.  It  is  used  in  the  form  of  ferro-molybdenum  alloys 
in  the  manufacture  of  special  alloy  steels.  The  metal  is  scarcely 
affected  by  oxygen  up  to  600®  when  it  forms  the  trioxide.  It  is 
insoluble  in  dilute  acids,  except  nitric. 

Molybdeniun  forms  three  oxides:  the  sesquioxide,  MosOs; 
the  dioxide.  Mod;  and  the  trioxide,  MoO«.  The  first  two 
are  basic.  The  chlorides  of  molybdeniun  are  MoaCU,  MoCU, 
M0CI41  M0CI5.  The  trioxide  is  the  anhydride  of  molybdic  acid, 
HiMo04-HiO.  This  forms  a  series  of  molybdates  which  are  simi- 
lar to  the  sulfates  and  the  chromates  not  only  in  formula  but  also 
in  soIubiUty.  Perhaps  the  most  important  of  these  salts,  be- 
sides the  naturally  occurring  lead  compound,  are  the  sodium 
and  ammonium  molybdates,  NajMoOvlOHjO  and  (NH4)2Mo04. 
The  latter  is  much  used  as  a  reagent.  Molybdic  acid  and  its 
salts  have  a  great  tendency  to  combine  with  the  trioxide  forming 
complex  compounds  and  a  very  large  number  are  known.  The 
formula  of  one  of  the  sodium  salts  will  serve  to  show  something 
of  the  complexity  of  these  compounds,  Na2MoioO«i-21H20. 

Molybdenum  trioxide  will  combine  with  other  acids  than 
molybdic  acid  to  form  complex  acids.    For  examnl  a 

leric^  of  such  compounds  with  phosphoric  acid,  fti 
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form  yellow  crystalline  very  slightly  soluble  salta  with  amnin- 
nium,  potassium,  rubidium  and  cesium  in  the  ionic  state.  Be- 
cause of  this,  when  a  dilute  nitric  acid  solution  of  ammoniom 
molybdate  is  added  in  excess  to  the  solution  of  phosphate  and 
the  whole  kept  warm  for  some  time  to  favor  the  formation  of  the 
complex  phoaphomolybdate  ion,  a  yellow  precipitate  of 
nium  phosphomo!,"'^''°*°   '''*'"''-^'^i(MoOj)n6HsO,  eeparales. 


The  precipitate  i 
alkalies,  but  is  not » 
phoephomolybdic  a 
arsenates  react  with 
are  very  much  lik 
solubility. 

When  an  acid  8( 
reducing  agent  eucli 
stannous  chloride,  u 
cipitate  is  formed.     Ine 


as  of  phosphoric  acid  or  in 
cida  which  implies  that  the 
icid.  Arsenic  acid  and  Iht 
I  to  form  compounds  whicd 
lybdates  in  appearance  anrf 

^bdate  is  acted  upon  by 

fide,  sulfur  dioxide  or  diluK 

which  depoaita  a  blue  pn- 

I  of  the  precipitate  ia 


doubt,  but  by  some  it  is  regarded  as  the  molybdate  of  telra- 
valent  molybdenum,  Mo(MoO0t  or  MojOs. 

Tdnqstbn 

Tungsten  is  a  rather  rare  element  which  has  recently  become  of 
great  economic  importance.  It  occurs  principally  in  wolfram, 
an  iron-manganeae  tungstate  (FeMn)W04.  In  the  preparation 
of  the  metal  from  wolfram,  the  ore  is  first  heated  with  sodium 
carbonate  to  form  sodium  tungstate  which  is  then  dissolved  in 
water.  When  the  solution  of  sodium  tungstate  is  acidulated, 
tungstic  acid  is  precipitated.  By  gently  heating  the  acid,  it  a 
converted  into  the  trioxide  which  may  be  reduced  to  the  metal 
in  a  number  of  ways;  by  carbon,  hydrogen,  zinc,  or  aluminum  it 
rather  elevated  temperatures.  Because  of  the  very  high  melting- 
point  of  tungsten  which  is  about  3,500°,  the  element  is  usoall; 
obtained  in  the  form  of  a  powder;  but  a  homogeneous  maas  of 
the  metal  may  be  secured  by  reducing  the  oxide  with  aluminuiiii 
if  an  excess  of  powdered  aluminum  is  used  and  the  mixtun  ii 
wet  down  with  liquid  air  rich  in  oxygen  before  it  is  set  off.  The 
extra  high  temperature  necessary  for  the  fusion  of  the  tungsten 
is  furnished  by  the  powdered  aluminum  buming  in  the  ozygu 
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f  tlie  liquid  air.  The  almost  instantaneous  change  of  tempera- 
lire  in  this  case  from  — 182.5^  to  over  3,500^  is,  to  say  the  least, 
triking.  The  metal  is  darker  colored  than  sine,  is  crystalline, 
larder  than  glass,  very  brittle,  and  has  a  density  of  10.6.  One 
yf  the  modem  applications  of  tungsten  is  in  the  construction  of 
ligh  efficiency  incandescent  electric  lamps,  a  use  for  which  its 
^ery  high  melting-point  renders  it  well  adapted.  The  prepara- 
tion of  very  fine  wires  required  for  such  filaments  is  a  matter  of 
some  difficulty,  but  it  has  been  successfully  done  by  compressing 
the  powdered  metal  into  rods  and  then  rolling  and  drawing  these 
down  while  they  are  heated  by  an  electric  current  in  an  atmos- 
phere of  hydrogen.  Lamps  prepared  from  this  tungsten  are 
very  durable  and  because  of  their  high  efficiency  have  almost 
replaced  the  old  carbon  lamps.  The  old  style  standard  16-c|>, 
carbon  lamp  consiuned  about  60  watts.  The  corresponding 
tungsten  lamp  uses  25  watts  and  gives  about  20  cp.,  so  the 
tungsten  lamp  gives  one-fourth  more  light  on  less  than  half  tlui^ 
energy  which  means  that  it  converts  the  electrical  energy  more 
efficiently  into  light  and  produces  less  httfii.  It  is  estimated  that 
the  replacement  of  the  carbon  lamps  by  tungstitns  has  ms/k  a 
saving  of  several  hundred  millions  of  dfAluru  pttr  ynur  in  iim 
coimtry's  light  biU«  A  still  furUier  improvf^fiMmt  has  \Hafn  tnn^la 
by  filling  tlte  lamps  with  nitrogen  or  still  iMU^,  nrn^m.  In  it$im*t 
0.5  of  a  watt  or  evati  a  little  less  will  give  1  eaii/l^^^/wifr. 

Another  important  tLpjplHeiAMm  at  iMnf^U^n  m  in  iliM  (/r^^tMira- 
tion  of  special  steels  socb  as  *'  Yii^^p^pi^  sU^ /^  Vor  this  ^nri^fm 
a  ferrotungsten  is  often  ffr^jptr^  in  tl^f  *^^fk  inrnn^'^,  lii^^ 
speed  sted  tliraug}i  inen^sasing  tb«  raU;  at  whmU  tnuAihin^m 
and  machinists  can  w<>rk,  has  U/w*^*s4  iiMf:  *^M  '/  u^^U/u^f^Uin  o$i 
an  avaTige  of  $200  fptar  fsoj^Asifm  ai^  ntnA^,  a  <y/ff4;sj//i*'i/o^ 
saving  in  other  liives.  lU:iM^.  Uuipi^^u  is  ^'/M^HhU'4$i\^  V4?f/ 
important. 

The  metal  i^  fairir  ri^iMfUMUt  V^  i^i^usM'.iti  i^'^^i//h,  hut  wiwM 
powdered  it  will  buri*  at  n  r*y4  h^^  V^  M^  Uv//^-.  'i'in^^  vi'JM*a#x 
acids  aet  upoL  it  rt^ty  tA^/wiy;  W4*>J^  t^^/n  ^Sum^Avi^.  /i  t^u/Uly 
It  reacts  witi  ^Aii'^nij^  V/  U/fw  ti^;  i^*/JA4'hi//ri/U- ,  W  U,  ^'ow 
which  thfe  tiu^^M^MUt  WM^,  W;j^  hm*';  WM,,  t4*i^y  M  ';M/awi**>'< 
by  redueUcxL.  Jl  t/yjb^^/u  «/•  t^^  Ui^//.i4U  i^nAt/iy  «m><#*/A^/m/J,  it 
dioxide,  WO^  «  ni^^i,     'iU  t^/U^m^  Um^^/^^h^,  HupWO^M^/, 


454 


GENERAL  CHEMISTRY 


is  uaed  aa  a.  mordant  and  for  rendering  cotton  fabric  firc[irorf, 
for  which  purpose  it  is  dissolved  in  the  starch  with  which  ibt 
articles  are  treated.  Very  complex  tungatic  acida  and  the  lung- 
Btatea  are  formed  by  the  union  of  the  trioxide  in  varying  quanti- 
ties with  the  acid  or  the  tungatates.  Compounds  verj'  similjf 
to  the  phoaphomolybdates  are  formed  by  the  interaction  of  luDg- 
stic  acid  with  phosphoric  and  other  acids  which  makes  the  cbem- 
istry  of  tungsten  ve 

The  atomic  weight  184.0. 


Uranium,  which  is 
has  the  highest  atoii 
It  occurs  in  a  numbc 
tained  from  pitchble: 
notite  which  is  a  vai.. 
ores  are  interesting  as  i 


nt  of  the  chromium  family, 
i.2,  of  any  known  element, 
minerals,  but  is  chiefly  ob- 
liuB  the  oxide,  U|0«,  or  car- 
urn  and  potassium.  These 
; J  principal  source  of  radium 


compounds.  The  metal  may  be  prepared  from  the  tetrachloride 
by  reduction  with  metallic  sodium,  or  from  the  oxide  by  reduction 
with  carbon  or  aluminum.  Pure  uranium  is  much  like  iron. 
It  has  a  white  color,  takes  a  high  polish,  has  a  density  of  18.7, 
and  melts  at  about  1,500°.  The  powdered  metal  is  rather 
easily  attacked  chemically.  It  is  oxidized  in  the  air  and  burna 
in  oxygen  and  the  halogens  at  moderately  elevated  tempera- 
tures. There  are  two  well-known  oxides  of  uranium,  the 
dioxide,  UOj,  and  trioxide,  UOj.  When  treated  with  acids, 
the  dioxide  gives  a  series  of  salts  called  uranous  salts  such  as 
uranous  chloride,  UCU,  uranous  sulfate,  U(S04>iSHtO,  ctc. 
The  trioxide  is  both  basic  and  acidic.  With  acids  it  forms  a 
series  of  salts  called  uranyl  salts.  These  contain  the  group 
UOt"''+  which  acts  like  a  complex  divalent  cation.  These  salts 
have  a  yellow  color  and  many  of  them  have  a  greenish-yellow 
fluorescence.  The  most  important  of  the  uranyl  salts  and  in 
fact  the  most  important  of  the  uranium  compounds  is  uranyl 
nitrate,  U05(N0i)i  6HiO.  The  addition  of  a  soluble  hydroxide 
to  a  uranyl  salt  produces  a  precipitate  of  a  diuranate,  analogous 
to  the  dichromates.  The  sodium  salt,  Na»U»07,  is  difficultly 
soluble  and  has  a  fine  yellow  color.    It  is  an  article 
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lerce  under  the  name  uranium  yellow  and  is  used  to  color 
iranium  glass  which,  like  many  other  uranium  preparations,  has  a 
greenish-yellow  fluorescence.  This  phenomenon  is  due  to  the 
absorption  of  the  invisible  ultra-violet  rays  of  the  sunlight  by 
rlie  uranium  compound  and  their  conversion  into  visible  greenish 
*ays.  Any  substance  which  is  able  to  become  luminous,  while 
iinder  the  excitation  of  some  form  of  energy,  without  becoming 
heated  to  incandescence  is  said  to  be  fluorescent.  Fluorescence 
was  first  observed  in  connection  with  fluorspar  and  from  this, 
received  its  name.  Fluorescence  differs  from  phosphorescence 
in  that  the  former  exists  diu*ing  the  continuance  of  an  exciting 
cause  while  the  latter  persists  after  its  removal. 

Metallic  uranium  and  all  of  its  compounds  are  radioactive 
and  in  fact  the  phenomena  of  radioactivity  were  first  discovered 
by  Becquerel  in  1898  in  the  uranium  compounds.  The  radio- 
activity of  these  substances  is  far  less  than  that  of  the  radium 
compounds  and  is  about  the  same  as  that  of  the  thorium  salts. 
Again  we  shall  have  to  postpone  a  full  discussion  of  the  subject 
to  a  later  point. 


CHAPTER  XZIX 

GROUP  vn 

Mn«-P-*a-»Br-»I 

With  the  exceptioD  of  fiuorine,  which  forms  no  ozy-componDd^ 
the  memben  of  the  halogen  family  show  a  variety  of  Talsndil 
from  one  up  to  aeven.  Each  member  of  the  family  fonn  ■ 
compound  with  hydrogen  in  which  the  halogen  is  monoraleot 
They  are  typical  non-metallic  elemeotB. 

Manganese  ie  the  only  member  of  the  family  which  ooaapm 
the  left-hand  column  of  Group  VII  in  the  periodic  syBteOL  It 
continues  the  regularities  which  have  been  noticed  in  Qxt  |n-  I 
ceding  groupa  in  that  it  is  much  more  basic  than  the  right-hand 
family ;  it  is  unmistakably  a  metal.  It  does  not  form  a  compound 
with  hydrogen  analogous  to  the  hydrohalogen  acids  nor  is  it 
monovalent  in  any  compound.  The  strongest  resemblance 
between  manganese  and  the  halogens  is  found  in  the  heptoxide, 
MuiOt,  and  the  corresponding  permanganic  acid,  HMnOi. 
These  are  analogous  to  chlorine  heptoxide,  CliOr,  and  perchloric 
acid,  in  fact  potassium  permanganate,  KMn04,  is  isomorphoiu 
with  potassium  perchlorate,  KCIO*. 

Manganese  has  a  rather  large  number  of  valencies.  It  is  di-, 
tri-,  tetra-,  hexa-,  and  heptavalent  and  with  each  alteration  of 
valence  it  changes  it  chemical  relationBhipa,  and  points  of  sim- 
ilarity to  additional  elements  become  prominent.  This  makes 
the  chemistry  of  manganese  somewhat  complicated.  It  will 
be  Been  in  what  follows  that  in  the  divalent  form  it  is  closely 
related  to  magnesium;  in  the  trivalent  state  to  chromium  and 
iron;  in  the  tetravalent  condition  to  tetravalent  lead  and  tin; 
while  the  hexavalent  manganese  is  like  sulfur  in  the  sulfates  and 
the  heptavalent  resembles  chlorine  in  the  perchlorates. 

Occurrence. — Manganese  is  a  fairly  abimdant  and  widely  dis- 
tributed element.  Reference  to  the  table  on  p.  274  will  show 
that  it  stands  between  barium  and  strontium  in  its  abundance. 
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t  is  found  chiefly  in  the  form  of  the  dioxide,  pyrolusitei  MnOsi 
o  which  frequent  reference  has  been  made  in  the  past  since  it  is 
i  much  used  substance.  Other  less  abimdant  ores  are  braimite, 
VInsOs,  manganite,  MnsOt'HsO,  hausmanite,  MntOii  manganese 
>lende,  MnS,  and  manganese  spar,  MnCOt.  The  metal  is  ob- 
tained by  the  reduction  of  its  oxides  with  carbon  in  an  electric 
urnace  or  more  readily  by  their  reduction  with  aluminum  by  the 
[j^oldschmidt  process.  Alloys  of  manganese  with  iron  containing 
rem  10  per  cent,  to  90  per  cent,  of  manganese  may  be  prepared 
n  blast  furnaces  or  in  electric  furnaces.  Those  containing  up 
A}  20  per  cent,  are  called  spiegeleisen  while  from  20  per  cent,  to 
K)  per  cent,  they  are  known  as  ferromanganese.  These  alloys 
ure  much  used  in  the  manufacture  of  steel.  One  alloy  of  man- 
ganese and  copper  containing  about  30  per  cent,  manganese  is 
aiown  as  manganese  bronze.  It  possesses  great  tensile  strength 
uid  is  very  hard. 

Properties. — Pure  manganese  is  a  reddish-gray  metal  which  is 
very  brittle  and  is  so  hard  that  it  will  scratch  glass.  Its  melting- 
point  is  1,260^.  It  is  readily  volatilized  in  the  electric  furnace, 
[t  holds  its  luter  in  the  air  but  is  easily  dissolved  by  acids,  even 
by  acetic,  with  the  evolution  of  hydrogen  and  the  formation  of 
the  divalent  or  manganous  salts.  When  heated  to  a  little  over 
1,200^  in  a  stream  of  nitrogen  it  takes  fire  and  burns,  forming  a 
nitride.    In  this  respect  it  is  much  like  magnesium. 

Divalent  or  Manganous  Compounds. — The  manganous  salts 
%re  very  much  like  the  salts  of  magnesium.  In  many  cases  the 
two  series  have  about  the  same  solubility  and  are  isomorphous. 
rhe  manganous  salts  may  be  prepared  by  dissolving  the  metal, 
the  carbonate,  or  any  of  the  oxides  in  the  acid  of  the  salt  desired 
iind  heating.  The  manganous  salts  are  the  only  ones  which 
axe  stable  in  acid  solutions  and  all  the  others  pass  into  them. 
N'early  all  of  them  have  a  delicate  pink  color  which  is  much 
more  pronounced  in  the  crystals  than  in  the  solutions.  The 
hydroxide,  Mn(OH)i,  is  thrown  down  as  a  white  precipitate 
when  a  soluble  hydroxide  is  added  to  a  manganous  salt  solution. 
It  has  about  the  same  solubility  and  strength  as  a  base  as  the 
corresponding  magnesium  hydroxide,  and  like  the  latter,  it  is 
soluble  in  ammonium  salts  because  of  the  decrease  in  tiie  con- 
oentration  of  the  hydroxyl  through  the  format!  i 
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hydroxide.  This  solution  quickly  darkens  because  of  the  onds- 
tion  of  the  mangauoua  ion  to  the  manganic,  Mn''^*+,  by  the 
oxjrgen  of  the  air  and  the  precipitation  of  manganic  hydroxid*^ 
Mn(OH)j|  which  is  too  weak  a  base  to  be  dissolved  by  ammonium 
salts  since  it  is  even  weaker  than  aluminum  hydroxide.  Mao- 
ganouB  oxide  may  be  prepared  by  gently  heating  the  hydroxidt 
in  the  absence  of  air  MBTicmnniia  carbonate,  MnCOj,  is  fonned 
as  &  white  precipitnti-  ale  carbonate  is  added 

manganous  salt  sol  in  nature  where  it  is  often 

found  in  isomorpho  iiagnesium  carbonate.    Tbe 

precipitated  carbons  ium  carbonate,  is  soluble  in 

ammonium  salts  a  s.  ,  ammonium  hydroxide  and 

carbonic  acid  being  case. 

Manganous  sulfate  Jly  crystallizes  nith  4EiO, 

but  below  6°  it  has  71  orphous  with  ferrous  sulfate, 

while  from  7°  to  20',  contains  5HjO,  and  is  iso- 

morphous  with  copper  suila  rms  tbe  double  salt,  KjSOi' 

MnSOi'GHiO,  with  potassium  sulfate  wliicb  is  isouiorphous  with 
the  corresponding  salt  of  magnesium  and  in  fact  with  the  whole 
series  of  these  double  salts. 

Manganous  sulfide,  MnS,  is  the  most  soluble  of  the  stilfides  of 
the  heavy  metals.  Its  solubility  product  is  so  great  that  it 
cannot  be  precipitated  by  hydrogen  sulfide  except  in  the  presence 
of  hydroxyl  or  a  very  large  amount  of  an  acetate  such  as  sodium 
acetate.  It  is  usually  precipitated  by  ammonium  sulfide  and 
generally  comes  down  as  an  amorphous  flesh  colored  substance 
which  is  readily  soluble  in  all  acids,  but  it  sometimes  appears  aa  a 
green  powder.  When  exposed  to  the  air,  the  sulfide  oxidiies 
rapidly  and  passes  back  into  solution  as  the  sulfate. 

Manganons  Ammonium  Phosphate,  MnNHfPOi,  is  formed 
under  similar  conditions  to  those  for  the  formation  of  magnesiuin 
ammonium  phosphate,  and  has  closely  the  solubility  and  ap- 
pearance of  the  latter  so  that  it  is  not  difficult  to  confuse  the  tvD. 

Manganous  Borate,  MnH4(B0»)t,  is  a  salt  which  is  of  technical 
importance  because  it  acts  as  a  catalytic  agent  in  the  drying  of 
oils  and  varnishes. 

Trivalent  Manganese.—- The  trivalent  compounds  of  man- 
ganese or  the  manganic  compounds  as  they  are  usually  calli 
not  as  numerous  nor  as  stable  as  the  manganous.    A  a 
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rlie  chloride  may  be  obtained  by  dissolving  manganic  hydroxide, 
^n(OH)s,  is  cold  hydrochloric  acid,  but  it  soon  evolves  chlorine 
uid  passes  into  manganous  chloride.  The  sulfate,  Mn2(S04)8i 
s  a  violet-red  powder  which  is  very  deliquescent  and  hydrolyzes 
with  extreme  ease  with  the  precipitation  of  the  hydroxide.  It 
rorms  alums  with  rubidium  and  cesium  sulfates.  A  few  sUghtly 
dissociated  salts,  such  as  the  fluoride,  MnFj,  and  the  phosphate, 
M11PO4,  have  been  prepared  which  are  not  hydrolyzed.  These 
salts  give  reddish-violet  solutions.  Manganese  sequioxide, 
Mn^Os,  which  is  the  oxide  corresponding  to  the  manganic  salts 
occurs  in  nature  as  the  mineral  braunite. 

Tetravalent  Manganese. — Manganese  dioxide  is  the  principal 
tetravalent  compound  of  manganese  and  is,  in  fact,  the  most  im- 
portant compound  of  the  element.  Like  lead  dioxide  which  it 
resembles  in  a  number  of  ways,  it  is  both  feebly  basic  and  acidic. 
When  treated  with  cold  hydrochloric  acid  it  is  dissolved  to  form 
the  tetrachloride,  MnCU, 

MnOa  +  4HC1  =  MnCU  +  2H2O 

This  hydrolyzes  upon  dilution  with  the  precipitation  of  the 
dioxide.  When  heated,  the  tetrachloride  decomposes  into  the 
dichloride  and  chlorine, 

MnCU  =  MnCla  -|-  Clj 

It  was  with  the  aid  of  these  reactions  that  the  chlorine  of  the 
world  was  formerly  prepared,  and  large  quantities  are  still 
made  in  this  way  although  the  processes  involving  the  electroly- 
sis of  the  chlorides  have  largely  replaced  it.  The  tetrahy- 
droxide,  Mn(0H)4,  may  be  prepared  by  the  action  of  powerful 
oxidizing  agents  upon  manganous  salts  in  neutral  or  alkaline 
solutions.  In  acid  solutions  the  manganese  compounds  all 
tend  to  pass  into  the  divalent  state,  while  in  alkaline  solutions 
they  tend  to  become  tetravalent  and  to  be  precipitated  as  the 
dioxide  or  its  hydroxide.  This  hydroxide  is  a  weak  acid  and 
forms  salts  called  the  manganites  of  which  calcium  manganite, 
CaMnsOs,  may  be  taken  as  an  example. 

like  lead  dioxide,  manganese  dioxide  is  a  conductor  of  elec- 
tricity and  is  used  as  an  oxidizing  agent  in  the  ordinary  form  of 
salammoniac  battery  known  as  the  Leclanebt  call  as  well  as  in 
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the  slightly  modified  type  called  the  dry  cell.  In  each  of  the«. 
the  oxidizing  sgent  is  the  dioxide  and  the  reducing  agent  a 
metallic  zinc.  The  dioxide  is  reduced  to  the  manganous  ton  lad 
the  zinc  oxidized  to  the  zinc  ion.  The  electrolyte  is  amraonianj 
chloride  solution  containing  some  zinc  chloride.  The  manganese 
dioxide  is  very  slightly  aoluble,  so  it  is  necessary  to  have  a  vm 
large  area  for-the  positive  electrode  which  is  of  carbon  packe'i 
around  with  the  dioxide.  Because  of  the  slight  solubility  of  tte 
dioxide,  the  cell  "polarizes"  rapidly  owing  to  the  exhaustion  ui 
the  dioxide  which  is  in  solution  and  in  contact  with  the  carboo 
electrode.  It  is  then  necessary  to  let  the  cell  stand  until  more 
of  the  dioxide  is  dissolved.  For  this  reason,  the  cell  must  be 
used  on  an  open  circuit.  Some  idea  of  the  magnitude  of  ttie 
dry  cell  industry  may  be  obtained  from  the  fact  that  about  50.- 
000,000  of  these  cells  are  made  in  this  country  per  year. 

Hezavalent  Mangane&e,  The  Manganates. — By  fusing  man- 
ganese dioxide  or,  in  fact,  almost  any  manganese  compound  with 
potassium  hydroxide  in  contact  with  the  air,  or  more  rapidly 
by  the  addition  of  a  nitrate  or  chlorate,  a  dark  green  mass  con- 
taining potassium  manganate,  K2MnO(,  Is  formed; 

2MnO,  +  4K0H  +  O,  =  2KiMnOi  +  2HiO 

This  is  soluble  in  water  giving  a  green  solution  from  which 
crystals  may  be  obtained  which  are  isomorphous  with  potastaum 
sulfate.  Sodium  manganat«  crystalHzes  from  solution  with 
ten  molecules  of  water,  NajMnOilOHtO,  and  is  isomorphous 
with  the  decahydrate  of  sodium  sulfate.  From  these  two  ex- 
amples, it  will  be  seen  that  the  manganates  are  analogous  to 
the  sulfates,  and  consequently  hexavalcnt  manganese  to  hexa- 
valent  sulfur.  Solutions  of  manganates  have  an  exceedingly 
intense  green  color,  but  are  stable  only  in  the  presence  of  a 
hydroxide.  Manganic  acid  cannot  be  prepared  because  it  it 
once  decomposes  into  permanganic  acid  and  the  dioxide,  but  it* 
anhydride,  MnOs,  has  been  obtained  as  a  reddish  dehquescent 
powder  which  is  very  unstable. 

Heptavalent  Manganese,  The  Permanganates.— When  a  solu- 
tion of  a  manganate  is  diluted  or  acidiilated,  the  color  changea 
through  blue  and  violet  to  purple  and  at  the  same  time  man- 
ganese dioxide  is  precipitated.     The  change  is  due  to  the  oxiBi- 
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»n  of  a  portion  of  the  manganate  to  the  permanganate  at  the 
pense  of  the  remainder  which  is  reduced  to  the  dioxide, 

3K,Mn04  +  2H2O  =  2KMn04  +  4K0H  +  MnO, 

lis  reaction  can  be  easily  understood  if  the  equation  be  written 
the  ionic  form  omitting  the  ions  which  do  not  enter  directly 
to  the  reaction, 

3MnOr"  +  2H+  =  2MnOr  +  20H-  +  MnO, 

ice  H+  is  consumed  in  the  reaction  and  0H~  produced,  this 
kction  will  take  place  much  more  readily  when  the  solution  is 
idulated.  Even  a  very  weak  acid  will  bring  about  this  change, 
a  solution  of  a  manganate  gradually  becomes  purple  upon 
posure  to  the  air  from  the  absorption  of  carbon  dioxide  and 
3  formation  of  carbonic  acid. 

The  transformation  of  the  manganate  into  the  permanganate 
oxidation  and  may  be  brought  about  by  passing  chlorine  into 
3  solution  of  the  manganate.  In  this  case,  the  chlorine  is 
luced  to  the  ion  CP  and  the  whole  of  the  manganate  is  oxi- 
sed  to  the  permanganate  so  that  manganese  dioxide  is  not 
3cipitated, 

2K2Mn04  +  CI2  =  2KMn04  +  2KC1 

In  the  permanganate  ion  Mn04'~,  since  each  oxygen  carries 
o  negative  charges,  see  p.  184,  the  manganese  must  have  seven 
sitive  charges  while  in  the  manganate,  Mn04~~~,  on  the  same 
sis  the  manganese  carries  six,  and  in  the  dioxide,  MnOi,  four 
sitive  charges.  Then  when  one  gram  ion  of  the  manganate  is 
luced  to  the  dioxide  the  manganese  gives  up  two  +  charges  in 
ssing  from  +  6  to  +  4  and  these  two  +  charges  are  just 
BScient  to  raise  the  manganese  in  two  gram  ions  of  the  man- 
nate  from  +  6  to  +  7  or  in  other  words,  to  oxidize  them  to  the 
rmanganate.  Reference  to  the  equations  given  above  will 
ow  that  this  is  the  case,  and  three  gram  moles  of  manganate 
3ld  two  gram  moles  of  permanganate  to  one  of  manganese 
}xide.  Each  atomic  weight  of  chlorine  gives  up  a  +  charge 
passing  into  the  chlorine  ion  CI",  and  hence  a  mole  of  chlorine 
n  oxidize  two  moles  of  manganate. 
The  pennaQgwateB  are  powerful  oziditui|  niMl  litr 


4: 


462  GENERAL  CHEMISTRY 

fectants  and  are  manufactured  in  large  quantities  for  euch  pin- 
poses.  The  sodium  salt  is  the  cheapest  if  a  pure  article  is  doI 
demanded.  It  is  so  very  soluble  that  it  is  not  easily  obtained 
pure.  For  laboratory  purposes  the  potassium  salt  is  generally 
used.  This  crystallizes  well  in  purple  crystals  with  a  greenish 
luster,  and  is  isomorphous  with  potassium  perchlorate. 

Solutions  of  potassium  permanganate  of  known  concentration 
are  much  used  in  the  laboratory  in  the  volumetric  deterrainatron 
of  easily  oxidizable  substances  such  as  ferrous  iron,  oxalic  acid  or 
manganous  salts,  since  the  permanganate  acts  in  a  rapid  and 
definite  manner  with  these  substances.  In  carrying  out  the 
operation,  the  permanganate  solution  is  added  from  a  burette  to 
the  solution  to  be  tested  and  the  volume  necessary  to  give  to  Ihf 
latter  the  purple  color  of  the  permanganate  is  noted.  The  opera- 
tion is  especially  convenient  since,  owing  to  the  strong  color  iif 
the  permanganate,  no  other  indicator  is  necesaary.  When  the 
permanganate  is  used  in  this  way,  it  is  reduced  to  the  manganoi» 
ion  in  acid  solutions  or  to  manganese  dioxide  in  neutral  or  alka- 
line solutions.  The  titration  of  ferrous  iron  or  oxalic  aeirf  ij 
carried  out  in  acid  solutions,  so  the  manganese  in  passing  from 
the  heptavalent  to  the  divalent  state  gives  up  five  +  charges, 
and  hence  one  mole  of  permanganate  is  able  to  oxidize  five  molfS 
of  a  reducing  agent  which  takes  up  one  +  charge  per  mole,  or 
two  moles  of  the  permanganate  can  oxidize  five  molea  of  reducing 
agent  which  takes  up  two  ■+■  charges  as  is  the  case  with  the 
oxalate  ion. 

The  following  equations  represent  the  reaction  mentioned 
above, 

5Fe++  +  MnOr  -(-  »H*  =  5Fe+'^++  Mn+*  +  4H,0 
or 

lOFeSO*  +  2KMn04  +  8H,S0,  =  5Fet(S04)j  +  K,SO,  + 

2MnS0*  +  8HjO 
5CjOr"+  2MnOr  +  16H+  =  lOCOj  +  2Mn++  +  8H1O 

5H,C,0«  +  2KMn04  +  6HCI  =  lOCO,  +  2KC1  + 
2MnCU  +  8H,0 

As  has  been  mentioned,  the  permanganate  is  reduced  to 
manganese  dioxide  in  neutral  or  alkaline  solutions,  and  abo  io 
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these  same  solutions,  the  manganous  ion  tends  to  oxidize  to  the 
tetravalent  condition  and  to  be  precipitated  as  the  dioxide.  The 
result  of  these  tendencies  is  that  manganous  compounds  may  be 
titrated  by  permanganate  in  neutral  solutions.  In  going  from 
the  permanganate  to  the  dioxide,  the  manganese  gives  up  three 
+  charges,  and  the  manganous  in  going  to  the  dioxide  takes  up 
two  +  charges;  hence  two  moles  of  permanganate  will  oxidize 
three  moles  of  manganous  salt  as  shown  in  the  following  equation, 

2KMn04  +  3MnS04  +  2H2O  =  K2SO4  +  2H2SO4  +  SMnOj 

The  solution  tends  to  become  acid  which  would  interfere  with 
th»  reaction,  so  the  titration  is  carried  on  in  the  presence  of  an 
excess  of  zinc  oxide  which  neutralizes  the  acid  as  it  is  formed. 
The  behavior  of  permanganate  as  an  oxidizing  agent  can  be 
readily  kept  in  mind  by  remembering  that  in  acid  solutions  it 
gives  up  five  plus  charges  and  goes  to  the  manganous  state, 
while  in  neutral  or  alkaline  solutions  it  gives  up  three  charges 
and  becomes  manganese  dioxide. 

When  dry  potassium  permanganate  is  heated  to  240^  it  de- 
composes into  oxygen  the  manganate  and  manganese  dioxide, 

2KMn04  =  02  +  K2Mn04  +  Mn02 

This  gives  purer  oxygen  than  the  decomposition  of  the  chlorate 
which  generally  yields  some  chlorine. 

A  solution  of  permanganic  acid  may  be  prepared  by  the  second 
general  method  for  tlie  preparation  of  acids,  using  barium  per- 
manganate and  sulfuric  acid.  It  has  the  deep  purple  color  of 
the  permanganates  and  decomposes  upon  boiling  or  exposure 
to  the  light.  An  impure  solution  of  the  acid  is  also  formed  when- 
ever a  manganese  compound  is  boiled  with  moderately  dilute 
sulfuric  or  nitric  acid  and  red  lead  or  lead  dioxide.  The  equation 
in  the  latter  case  is, 

2MnS04  +  5PbO,  +  3H2SO4  =  2HMn04  +  5PbS04  +  2H2O 

Because  of  the  strong  and  very  characteristic  color  of  the  per- 
manganate ion,  this  constitutes  one  of  the  best  tests  for  man- 
ganese. It  is  necessary,  however,  to  have  the  solution  highly 
add  and  to  use  a  very  small  quantity  of  manganese  as  otherwise 
the  action  Btops  with  the  formation  of  the  dhniile.    Manganese 


4U 


OBNBRAL  CHEMISTRY 


heptoxide,  Mn,Oj,  is  foriued  by  dissolving  potassium  perman- 
ganate in  cooled  concentrated  sulfuric  acid  and  carefully  8 
water  when  the  oxide  separates  as  a  dark  reddish-brown  liquid 
which  decomposes  with  the  evolution  of  oxygen  and  explodes  a 
the  slightest  provocation. 

Analytical  Properties  of  MangoQese.^-The  solubility  of  maD- 
ganese  sulfide  in  acids  and  its  precipitation  by  ammoaium  euI- 
fide  puts  this  element  in  an  analytical  group  with  zinc,  cobalt, 
and  nickel.  From  these  it  is  distinguished  by  the  pink  color  of 
its  sulfide,  by  the  formation  of  permanganic  acid  as  describtd 
just  above,  by  the  green  mass  of  manganate  which  is  formed  by 
fusion  with  an  alkali  and  a  nitrate,  or  by  the  amethyst  color 
which  all  manganese  compounds  give  in  a  borax  bead  beatfld 
the  oxidizing  fiame. 


CHAPTER  XXX 

GROUP  vm 

Fe— Co— Ki 
Ru— Rh— Pd 
08— It— R 

An  examination  of  Group  YIII  of  the  periodic  system  wiU 
how  that  it  differs  radically  from  the  other  groups  in  that  it  is 
lutde  up  of  three  families  of  closely  related  metals  in  which 
he  similar  elements  occur  side  by  side,  and  have  about  the  same 
tomic  weighty  instead  of  forming  a  perpendicular  colimm 
ith  widely  different  atomic  weights.  There  is,  however,  scmie 
Kiularity  in  the  perpendicular  colunms,  particularly  between 
le  last  two  families. 
The  three  sub-families  of  the  group  are: 

The  iron  sub-group:  iron,  atomic  weight  55.84,  cobalt,  atomic 
eight,  58.97,  and  nickel,  atomic  weight,  58.68. 

The  ruthenium  sub-group:  ruthenium,  atomic  weight  101.7, 
sodium,  atomic  weight  102.9,  and  palladium,  atomic  weight 
D6.7. 

The  platinimi  sub-group:  osmiiun,  atomic  weight  190.9,  irid- 
:iin,  atomic  weight  193.1,  and  platinum,  atomic  weight  195.2. 

All  the  members  of  the  group  are  true  metals  and  are  some- 
what remarkable  for  the  number  of  complex  compounds  which 
bey  form. 

Prom  the  gradual  increase  in  the  maximum  valence  which 
^  been  observed  in  the  preceding  groups,  it  might  be  antici- 
^ted  that  the  valence  of  the  members  of  this  group  would  reach 
'ght.  The  only  known  compounds  of  this  kind  are  the  tet- 
^^des  of  ruthenium  and  osmiimi,  RuOi  and  OsOi  and  osmium 
nofluoride,  OsFg. 

The  Ibon  Family 

Iron  forms  three  series  of  compounds:  the  fenmtea  in  which 
',  is  henmdiBoA  i  "Manganese,  and  ehiom        n  the 


gciicnil,  the  more  stable.  Nickel  forms  only  one  s 
the  iiickelous,  hut  shows  some  tendencies  toward  h 
in  the  oxide,  Ni^Oa.  The  members  of  this  family 
netie,  liave  high  melting-points  and  decompose  ste 
temperature. 

Iron 

General. — ^This  is  truly  the  age  of  iron,  as  may 
the  fact  that  the  United  States  alone  produces  yeai 
000,000  long  tons  of  the  metal.  A  moment's  thoni 
that  our  present  civiUzation  would  be  very  diffen 
not  have  iron  and  steel  in  such  abundance.  L 
known  and  used  from  prehistoric  times.  Many 
composed  chiefly  of  metallic  iron,  and  the  earliest  i 
weapons  were  probably  made  from  this  source, 
iron  are  easily  reduced  by  carbon,  and  even  y< 
peoples  have  known  how  to  do  this  in  a  small  i 
production  on  anything  like  the  modem  scale  h; 
possible  since  the  invention  of  the  blast  furnace. 

Occurrence. — Native  iron  is  found  in  meteorites,  \ 
deposits  in  Greenland;  but  all  that  is  used  is  ol 
compounds.  The  principal  ores  are  hematite, 
FeiOa;  brown  iron  ore  or  hydrated  ferric  oxidei 
this  is  also  called  brown  hematite,  bog  ore  or  limonil 
magnetic  iron  oxide,  Fe804;  and  siderite,  spathic  ii 
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brought  into  a  suitable  mechanical  etate;  at  the  same 
s  the  aulfur  content  is  reduced  to  a  point  where  it  is  no  longer 
tctionable.  This  makes  what  was  a  waste  product,  a  valuable 
*ce  of  iron.  More  than  50,000,000  tons  of  iron  ore  are  mined 
year  in  this  country,  the  greater  part  of  this  comes  from  a 
on  aroimd  the  south  and  west  of  Lake  Superior.  It  is  mined 
:Teat  open  pits  with  steam  shovels,  loaded  directly  into  care 

taken  to  the  harbors  on  the  lake,  transferred  to  ships  and 
•ied  to  the  lower  lakes,  where  it  is  either  unloaded  and  smelted 
the  spot,  or  taken  by  train  to  the  great  iron  smelters  around 
usbui^  which  are  conveniently  located  with  respect  to  the 
1  fields  and  manufacturing  centers.  Within  recent  times  a 
aber  of  mammoth  iron  and  steel  plants  have  been  located  on 
shores  of  the  Great  Lakes,  so  it  looks  as  though  Pittsbui^ 
y  lose  its  pre-eminence  in  this  industry.  Another  important 
I'producing  region  is  around  Birmingham,  Alabama,  which 
:  near  at  hand  both  iron  ore  and  coal.  Everything  must  be 
le  as  cheaply  as  possible  because  the  average  price  of  pig  iron 
lormal  times  is  about  $15  per  long  ton. 

Metallurgy  of  Iron.- — The  manufacture  of  all  forms  of  iron  and 
^  begins  with  the  making  of  cast  iron  in  a  blast  furnace. 
is  depends  for  its  usefulness  upon  the  fact  that  by  properly 
Kiting  and  proportioning  the  materials  put  into  the  furnace, 
impurities  in  the  ore  and  the  products  of  the  reactions  may 
be  removed  as  gases  or  liquids,  and  the  operation  made  con- 
lous  for  a  long  time.  The  materials  used  are  coke,  iron  ore, 
[  hmestone.  The  coke  burns  and  gives  the  necessary  high 
iperature,.  and  also  furnishes  the  requisite  reducing  agent, 
tx>n  monoxide.  The  limestone  is  changed  to  lime  which 
1^  with  the  silicious  impurities  in  the  ore  to  form  au  easUy 
ble  slag,  consisting  of  calcium  and  aluminum  silicates,  which 
©moved  from  the  bottom  of  the  furnace  in  the  liquid  state. 
L  modern  blast  furnace  is  a  very  large  affair;  80  to  100  ft.  in 
fht  by  about  22  ft.  in  greatest  diameter.  Its  shape  is  approxi- 
tely  that  of  two  truncated  cones  set  base  to  base.  It  is  made 
iteel  plates  and  lined  with  very  infusible  silicious  fire  brick. 
L  diagrammatic  sketch  of  a  blast  furnace  ia  shown  in  Fig.  70. 
!  UiaestODe,  ore  and  coke  in  the  proper  ]»  chained 

t the tep.    Ab  -^airieblf  to  16 
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plant,  thus  freezing  out  the  water.    Tim  helps,  because  the ' 
vapor  in  the  air  would  react  with  the  coke  with  the 
carbon  monoxide  and  hydrogen  and  the  absorption  d 
heat.    The  saving  in  fuel  caused  by  drying  amounts  to 
cent,  and  the  output  of  the  blast  furnace  is  increased 
same  amount. 

The  cast  iron  as  it  comes  from  the  blast  furnace 
contains  from  4  to  11  per  cent,  of  foreign  substances, 
carbon,  silicon,  manganese,  sulfur  and  phosphorus.  These 
stances  lower  the  melting-point  of  the  iron  and  make  it  crystal- 
line and  brittle  over  all  ranges  of  temperature.  Cast  iron,  there- 
fore, is  not  suitable  for  any  purpose  which  requires  consideraUe 
tensile  strength,  but  may  be  used  for  castings  which  wilt  be  sub- 
jected to  compression  without  much  impact.  There  are  two 
varieties  of  cast  iron — white  and  gray.  The  white  kind  is  nuda 
by  rapid  cooling;  it  contains  the  carbon  in  cheniical  combin*- 
tion  and  is  very  hard  and  brittle.  The  gray  iron  is  made  b; 
slow  cooling.  It  is  tougher  and  softer  than  the  white  and  «»- 
tains  a  large  part  of  the  carbon  in  the  form  of  crystals  of  graphite 
scattered  through  the  mass. 

By  removing  these  impurities  more  or  less  completely,  the 
iron  may  be  converted  into  steel  or  wrought  iron  and  thereby 
acquires  much  more  valuable  properties.  More  than  three- 
quarters  of  the  pig  iron  manufactured  is  subjected  to  such  puri- 
fication processes.  The  first  step  in  each  of  these  is  to  take  ad- 
vantage of  the  fact  th(U  the  impurities  mentioned  are  mare  eoiHl 
oxidized  than  the  iron,  and  hence  will  be  elimiruUed  before  liu 
latter  is  attacked  in  case  the  crude  siAstance  is  exposed  to  oxidalio*- 
This  oxidation  is  done  either  by  the  oxygen  of  the  air  or  by 
that  from  iron  oxide.  It  is  difficult  to  draw  the  line  betweeo 
wrought  iron  and  steel  because  the  division  is  arbitrary,  but  the 
following  is  in  common  usage.  Wrought  iron  is  slag-bearing, 
contains  less  than  0.12  per  cent,  carbon,  and  does  not  harden 
materially  when  suddenly  cooled.  If  is  made  io  puddling 
furnaces.  Steel  is  iron  which  is  malleable  at  least  over  Bona 
range  of  temperature,  contains  from  0.12  to  2.2  per  cent,  of  cs^ 
bon,  and  which  when  suddenly  cooled,  is  materially  hardened. 
It  is  made  in  Bessemer  converters,  open  hearth  fiunaces,  or  in 
crucibles. 
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Bessemer  Process. — Kelly,  an  American,  invented  and  pat- 
^*ited  in  1852  the  process  of  purifying  molten  pig  iron  by  blow- 
^%ig  air  through  it.  Bessemer,  an  Englishman,  patented  in  1S55 
^le  converter  or  vessel  best  adapted  to  carry  out  the  process, 
-^^ter  litigation,  the  Kelly  interests  sold  out  to  the  BeBsemer,  and 
the  process  now  bears  the  name  of  the  latter. 


The  converter  used  is  a  pear-shaped  vessel,  built  of  boiler  plate 
and  lined  with  silicious  material,  so  mounted  on  trunions  that  it 
may  be  tipped  through  a  very  large  angle,  and  provided  with 
about  250  Bmall  holea  in  the  bottom  through  which  air  may  be 
blown  (see  F^.  72).  To  start  the  blow,  the  converter  is  turned 
on  its  side  and  ten  to  fifteen  tons  of  molten  pig  iic  'in. 
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The  tur  is  turned  oq  and  the  converter  sbvi^teae^  jxp  m 
the  ur  pa—eg  through  the  molten  iron,  bnring  first  1 
to  8iOi,  then  the  manganeee  to  MnO,  and  lastly  the 
CO.  This  bums  at  the  mouth  of  the  couTerter 
flame  which  gradually  dies  down  and  (Usappeftis  at  die 
the  blow.  The  whole  process  is  completed  in  from  mz  to' 
minutes.  The  heat  produced  raises  the  temperature  some 
which  is  favorable  to  the  success  ctf  the  operation, 
removing  the  impurities  raises  the  mdting-point  of  the  iron.  By 
the  time  that  the  carbon  is  burned  out,  much  of  the  iron 
dised  to  FeO.  This  makes  the  product  brittle  and  unfit  for  uae. 
This  fault  is  overcome  by  adding  at  the  end  of  the  blow  such  i. 
quantity  of  spiegeleisen  (an  alloy  of  iron,  manganese  and  (su- 
bon)  as  will  fumiah  the  manganese  and  carbon  neeessary  to 
reduce  the  ferrous  oxide  and  to  bring  the  manganese,  silicon, 
and  carbon  content  of  the  whole  mass  to  that  required  in  the 
grades  of  steel  desired. 

This  process  using  the  acid  or  silicious  Uning  leaves  in  the 
steel  all  the  phosphorus  and  sulfur  preseot  in  the  pig  iron.  But 
by  using  basic  Unings  made  of  Ume  or  calcined  dolomite,  CaCOr 
MgCOi,  and  adding  Ume  with  the  charge,  it  is  possible  to  remove 
the  phosphonifi  and  a  part  of  the  sulfur  as  calcium  or  magnesium 
phosphate  or  sulfide.  The  basic  lining  is  less  durable  than  the 
acid  and  the  process  more  expensive,  so  it  has  been  abandoned 
in  America,  although  the  properties  of  steel  containing  phos- 
phorus or  sulfur  are  so  objectionable  that  only  the  purest 
and  most  expensive  pig  iron  can  be  reiioed  iu  acid  lined 
converters. 

After  the  addition  of  the  spiegeleisen,  the  steel  is  poured 
out  of  the  converter  into  a  ladle  and  then  tapped  into  cast 
iron  moulds  where  it  soUdifies,  forming  ingots  which  are 
reheated  and  rolled  into  the  shapes  desired — rails,  beams, 
rods,  etc. 

A  very  superior  quahty  of  steel  can  be  produced  by  adding  ft 
small  quantity  of  an  alloy  of  iron  and  titanium  soon  after  the 
addition  of  the  spiegeleisen.  The  titanium  completes  the 
reduction  of  the  oxides,  combines  with  any  nitrogen  present, 
partially  removes  the  phosphorus  and  sulfur,  and  greatly  im- 
proves the  strength,  malleability,  and  toughness  of  the  steel. 
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Open  Hearth  or  Siemeas-Martin  Process.  Tlio  i'ih-h  lnvnili 
process  for  steel  making  is  even  more  important  Uifttt  tho  IIpmo' 
mer  as  may  be  seen  from  the  fact  that  tliia  country  imtiluoKH 
yearly  16,500,000  tons  by  the  former  as  against  0,4U0,0(M>  titiiH 
by  the  latter.  This  is  due  lai^y  to  tho  fact  tlut  a  liMilc  liuiiiR 
may  be  economically  used  in  an  open  hearth  fumaoo,  and  hniina 
Hteel  may  be  cheaply  made  from  pig  iron  which  oontainM  tiw 
much  phosphorus  for  the  acid  Bessemer  oonvertor. 

The  furnace  used  (see  Fig.  73)  is  of  the  typo  known  M  roftonora- 
tive  beoAuse  the  air  and  the  producer  gas  which  ii  luod  M  fuol 
are  preheated  by  the  waste  heat  of  the  escaping  proiluotii  of  com- 
bustion, with  the  result  that  the  temperature  rnaclicil  In  vtiry 
high. 


To  Keme  thew  remits,  Uk  air  »tt4  (m  iwk  tAtfwu  tit  mpiinitMjr 
through  cfaamben  SIfed  with  titafkfuwffrk  t4  UtA  tfh*ik,  'tUttf 
meet  and  bum  joft  <rf*!r  (Jm:  \M  '4  Urn  hmmm  tftmiitttittui 
the  mmtoiab  for  foruiiHE  f^  ««ak1,  'V%m  \fitAnfM  tA  HtfM- 
boBtion  pMB  out  st  (L«  «*JMr  mA^.  '4  Um  imn»K*t  ^*m0i  ^imtt^ttnu 
■wiudimndafSaiVv4^i0!''M0»tifff^  -wUtt^t  ttm  ti;mm  *^Af^^ 
In  tfaM  war  tib«  -Ainr^kfsrm'M'ii  »4  i,>f%^A  «•  U*  •>?r>^.  **i'<imi^  tt 
intoHd}'  bcaditfL  AfUir  «  "imi^.  *M  4tv«>.'^A  '4  «U  pnnmm^  *4 
the  EBMC  (tawBjii.  '^m  f  unam*  »  ft»tft»A,  «a<4  'A<*,  '*m>^  m  *5^*A 
bad  bets  tfw  4KK  *XMtexAf%  xf/m  ««i'Ma  *M.  ?tt*^i***>t^  mt  wA 
gas.    Ite  wQ^iwHk  jt  •nni'^niw*^  t^  ^^^.u^i/  M^yy*^     ^^4i.y«i 

very  Iq^    Tiut  I'/j*  V   lwiit^>*    »w    rt-i^'H^M   . 
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The  materials  used  are  pig  iron,  soft  scrap  steel,  iron  ore  a 
in  the  basic  process,  lime.  The  purification  of  the  pig  iron  \i 
effected  partly  by  an  excess  of  air  in  the  flame  which  plays  over 
the  charge,  but  more  by  the  oitidizing  action  of  the  iron  oitidi 
in  the  ore.  When  the  oxide  is  reduced,  it  of  course  increas« 
the  amount  of  iron  present.  The  scrap  etcel  is  added  to  dilul; 
the  impurities  and  so  hasten  the  process.  The  lime  makes  i 
very  basic  slag  in  the   .  which  calcium   phosphal* 

and  calcium  sulfide  are  h  the  elimination  of  phoe- 

phorus  and  sulfur.     Limt  !ed  only  when  the  lining 

made  of  calcium  and  n  ie  or  the  latter  alone.    Tk 

process  is  much  slowei  essemer,  requiring  from  sii 

to  ten  hours,  but  the  ci.  he  furnace  is  large,  usually 

50  to  75  tons.     Becf  wness  the  changes  can  be 

followed  by  physioa  Bsts,  and  hence  a  more 

form  and  higher  gr  be  produced  than  by  the 

Bessemer  converter.     .  ^       ication,  the  charge  is  tapped 

out  into  a  ladle,  slag  is  removed  as  completely  as  possible, 
and  the  iron  recarburized  to  the  desired  degree  by  the  addition  of 
ferro manganese  (an  iron  alloy  rich  in  manganese)  and  anthracite 
coal  or  charcoal.  It  is  then  cast  into  ingots  and  worked  up  as  in 
the  other  process. 

The  acid  process  is  used  to  make  about  1,200,000  tons  of 
the  16,500,000  tons  produced  in  the  open  hearth.  It  diftere 
mainly  in  using  a  silicious  lining  and  omitting  the  lime  from  the 
charge.  The  materials  used  must  be  very  low  in  phosphorus 
and  sulfur. 

Crucible  Steel. — By  melting  wrought  iron  with  a  proper 
amount  of  charcoal  or  cast  iron  in  large  clay  or  graphite  crucibles, 
a  very  fine  grade  of  high  carbon  steel  is  made  which  is  especially 
desirable  for  making  tools,  knives,  springs,  and  other  special  uses. 
The  steel  made  by  this  method  usually  has  a  carbon  content  of 
from  0.75  to  1.50  per  cent,  and  is  called  crucible  steel. 

Electric  furnace  steel  is  practically  the  same  as  crucible  steel. 
The  main  difference  being  that  melting  is  carried  out  in  an 
electric  furnace  instead  of  a  crucible,  and  that  larger  charges 
can  be  worked  at  a  lower  cost.  Because  of  the  high  temperatuie 
obtainable  in  these,  they  are  often  used  to  give  Bessemer  or 
open-hearth  steel  a  super-refining  which  removes  phoe[^orua 
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nd  sulfur,  and  greatly  improves  the  quality.  The  electricity 
Imply  serves  as  a  source  of  heat  and  there  is  no  electrolysis  in 
lie  process. 

Within  recent  years,  it  has  been  found  that  the  addition  of  one 
r  more  of  the  following  metals  to  steel  will  increase  its  valuable 
ualities,  or  impart  new  ones;  nickel,  manganese,  copper,  chro- 
liiun,  vanadium,  molybdenum,  tungsten,  titanium,  and  silicon; 
uch  steels  are  called  alloy  steels,  and  are  extensively  used, 
ilanganese  steel  is  very  tough.  Nickel  increases  the  tenacity 
nd  elastic  limit.    Chromium  increases  the  hardness. 

Wrought  Iron. — A  third  method  of  purifying  pig  iron  is  the 
cuddling  process,  invented  by  Henry  Cort  in  1784.  This 
onsists  in  melting  pig  iron  in  small  lots  of  500  to  1,500  lb.  in  a 
everberatory  furnace  heated  by  coal  or  gas. 

The  hearth  of  the  furnace  is  lined  with  roll  scale  or  other 
aaterial  rich  in  iron  oxide  which  with  the  excess  oxygen  in  the 
iirnace  gases,  serves  to  oxidize  silicon,  manganese,  carbon,  phos- 
phorus and  sulfur.  The  silica,  manganous  oxide,  and  phos- 
phorous pentoxide  produced,  unite  with  some  iron  oxide  formed 
>y  oxidation  of  iron,  making  a  very  basic  slag,  and  effectually 
emoving  them  from  the  iron.  The  melting-point  of  the  iron 
rhich  is  about  1,200^  in  the  impure  state  at  the  beginning,  gradu- 
lly  rises  as  the  impurities  are  eliminated  and  finally  becomes 
0  high  that  the  pure  iron  cannot  remain  Uquid  at  the  highest 
emperature  of  the  furnace.  It  separates,  therefore,  as  a  spongy 
ilastic  mass,  honey-combed  with  slag.  This  is  gathered  together 
nd  worked  into  balls  weighing  about  125  lb.,  which  are  then 
emoved  from  the  furnace  and  passed  through  a  mechanical 
queezer  to  expel  slag.  The  iron  is  rolled  into  rough  bars,  which 
re  cut  up,  piled  together,  reheated  to  welding  temperatures, 
nd  rolled  into  bars  and  other  shapes. 

The  product  of  the  puddling  furnace,  called  wrought  iron,  is 
ery  nearly  free  from  impurities,  other  than  slag,  and  is  the  purest 
ommercial  iron. 

It  is  very  soft  and  malleable,  welds  easily,  and  is  characterized 
ly  a  fibrous  structure,  which  easily  distinguishes  it  from  low 
arbon  steel,  which  is  rolled  into  form  from  cast  ingots  nearly 
ree  from  slag.  This  structure  is  due  to  partidee  ^  *  'ndcMsing 
hose  of  iron  and  ep  *     '^n  particles  to  ly 
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during  the  rolling  process.  The  fibrous  structure,  it  is  thought, 
increases  the  strength  of  the  iron. 

Physical  Properties  of  Iron. — Pure  iron  is  the  most  magnetic 
of  the  metals.  It  has  a  density  of  7.8,  is  silvery  white,  takes  a 
high  polish  and  is  very  ductile  and  malleable.  It  may  be  welded 
at  a  bright  red  heat  and  melts  at  1,505"". 

Pure  iron  is  soft  ar''  ■">"""*  '">  hardened,  but  steel  can  be 
hardened  by  heating  t  erature  and  suddenly  cool- 

ing in  water.     If  thi  el  ia  reheated,   it  may  be 

softened  or  tempered  »  The  explanation  is  found  in 

the  fact  that  iron  forr  ^iC,  called  cementite  which 

is  soluble  to  a  limited  \i  temperatures  above  72a° 

forming    solid    solutio  bility    increases    with   the 

temperature  reaching  :arboa  at  1,145".     If  these 

solid  solutions  are  qu  ly  plunging  the  st«el  int« 

water,   the   cementite  ilution,   and   the   resultine 

solid  solution  is  hard.  '1  ne  mui  mentite  in  the  solution  the 
harder  the  steel  is.  If  this  hardened  steel  be  reheated,  the 
cementite  begins  to  separate  and  the  steel  gets  softer.  By 
controlling  the  temperature  and  the  duration  of  reheating,  the 
ateel  may  be  brought  to  any  desired  degree  of  hardness  between 
that  of  the  chilled  steel  and  that  of  pure  iron.  The  softeniog 
process  may  be  stopped  at  any  point  by  suddenly  cooling  the 
steel.  Experienced  workmen  judge  the  hardness  by  the  colon 
of  the  film  of  oxide  on  the  steel  which  are  a  rough  measure  of 
the  temperature  to  which  the  iron  is  heated. 

Chemical  Properties  of  Iron. — Iron  is  stable  in  dry'^but  a 
attacked  by  moist  air  and  gradually  becojnea  covered  with  iron 
rust,  2FeiOt-3HiO,  which  does  not  protect  the  underlying 
metal  from  further  action.  Something  of  a  discuaaon  iA  the 
mechanism  of  the  rusting  of  iron  will  be  given  at  the  close  of  the 
treatment  of  this  metal.  When  heated  in  the  air  or  ateam, 
iron  becomes  converted  into  the  magnetic  oxide,  FetO*,  which 
when  formed  under  certain  conditions  clings  tightly  to  the  sur- 
face of  the  metal  and  protects  it  from  further  oxidation  (Baruff's 
process  for  the  prevention  of  rust).  Dilute  hydrochloric  or 
sulfuric  acids  dissolve  iron  with  the  evolution  of  hydn^n  and 
the  formation  of  ferrous  salts:  the  hydrogen  usually  contains 
"ome  hydrocarbons  as  well  as  compounds  of  phosphorus  and 
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sulfur  and  has  a  disagreeable  odor.  When  the  iron  dissolves 
in  cold  dilute  nitric  acid,  ferrouB  nitrate  and  ammonium  nitrate 
are  formed ;  while  with  somewhat  more  concentrated  acid,  ferric 
nitrate  and  oxides  of  nitrogen  are  produced.  When  iron  is  dipped 
into  very  concentrated  nitric  acid,  it  almost  instantly  becomes 
pasuve,  that  is  passes  into  a  condition  in  which  it  is  not  attacked 
by  nitric  acid,  dilute  or  concentrated,  and  does  not  precipitate 
copper  from  cupric  solutions.  In  fact,  it  acts  as  thoi^  it 
were  moved  in  the  potential  series  to  a  position  near  that  of 
platinum.  Potassium  dichromate,  chloric,  bromic,  iodic  acids 
and  other  powerful  oxidizing  agents  will  also  induce  the  passivity 
of  iron.  There  is  no  visible  change  in  the  iron.  The  passivity 
is  destroyed  by  contact  with  reducing  agents,  scratching  the 
surface  or  even  by  simply  placing  the  iron  in  a  very  strong  mag- 
netic field.  An  entirely  consistent  and  satisfactory  explanation 
of  this  phenomenon  is  l&cking. 

Ferrous  Conqiounds. — The  ferrous  compounds  are  very  much 
like  those  of  magnesium  and  especially  like  manganoua  salts 
with  the  exception  that  the  trivalent  compounds  of  iron  are  more 
stable  than  the  divalent  either  in  acid  or  alkaline  solution,  while 
the  reverse  is  true  for  manganese  in  acid  solution.  The  ferrous 
salts  even  in  acid  solutions  are  oxidized  in  the  air  to  ferric;  in 
alkaline  solutions,  the  change  takes  place  more  readily.  When 
a  perfectly  pure  ferrous  salt  solution  is  acted  upon  by  a  soluble 
base  in  the  entire  absence  of  oxygen,  a  white  precipitate  of 
ferrous  hydroxide,  Fe(OH)i,  is  obtained.  On  exposure  to  the 
air,  it  becomes  first  dirty  green  and  finally  brown  from  oxida- 
tion to  ferric  hydroxide.  Ferrous  hydroxide  has  about  the  solu- 
bility and  strength  of  magnesium  and  manganous  hydroxides  and 
hence,  like  these  is  soluble  in  an  excess  of  ammonium  salts  and 
for  the  same  reason.  It  is  not  soluble  in  excess  of  the  alkalies 
or  of  ammonium  hydroxide,  but  is,  of  course,  in  acids.  From 
its  solubility  in  ammonium  salts,  it  follows  that  it  is  a  fairly 
strong  base  and  its  salts  are  but  little  hydrolyzed,  so  those  of  even 
as  weak  an  acid  as  carbonic  can  be  easily  prepared.  Ferrous  ox- 
ide, FeO,  corresponding  to  the  hydroxide  is  most  easily  made  by 
heating  the  oxalate  in  the  absence  of  air.    It  has  a  black  color. 

Ferrous  Sulfate. — Ferrous  sulfate,  FeSO^-THjO,  is  the  best 
known  and  most  largely  used  of  the  ferrous  salts.    In  its  crude 
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form  it  is  often  called  green  vitriol  or  copperas.  It  is  made  on  a 
very  large  scale  by  the  oxidation  of  moist  pyrite, 

2FeS,  +  70s  +  2HsO  =  2FeS0i  +  ZH^SO* 

The  ferrous  sulfate  and  sulfuric  acids  which  are  formed  aie 
leached  out,  the  acid  is  allowed  to  act  on  scrap  iron,  and  the  solu- 
tion concentrated  to  ci — ^-"=-~'= —  Rather  large  quantities  of 
ferroufi  sulfate  are  obtain  oduct  in  plants  where  there 

is  occasion  to  clean  or  '  urface  of  much  iron  by  the 

action  of  sulfuric  acid. 

The  sulfate  is  used  aE  it  and  disinfectant,  in  the 

manufacture  of  dyes,  in  ta^  Lhe  making  of  inks,  and  in 

the  clarification  of  water. 

Ferrous  Sulfide. — I  '"eS,  is  formed  by  the  direct 

union  of  the  elements,  lace  very  readily  when  the 

two  are  heated  together.  has  a  slight  metallic  luster. 

It  is  readily  dissolved  by  hydroehlor  c  or  sulfuric  acid  with  the 
formation  of  hydrogen  sulfide  and  the  corresponding  ferrous  salt. 
The  usefulness  of  hydrogen  sulfide  as  a  reagent  makes  ferrous 
sulfide  important  also.  It  is  precipitated  by  ammonium  sulfide 
as  a  black  powder  easily  soluble  in  acids,  but  is  not  precipitated 
by  hydrogen  sulfide  from  acid  solutions. 

Other  Ferrous  Compounds. — Ferrous  chloride,  FeCU,  is  much 
more  soluble  than  ferrous  sulfate,  and  on  this  account  it  is  advis- 
able to  use  hydrochloric  acid  instead  of  sulfuric  in  the  generation 
of  hydrogen  sulfide,  as  the  apparatus  is  not  so  likely  to  become 
clogged  with  crystals  of  the  salt.  There  is  nothing  eapeciall; 
noteworthy  concerning  the  bromide  and  the  iodide  except  that 
ferrous  iodide  is  the  only  stable  iodide  of  iron,  the  ferric  salt 
decomposing  into  the  ferrous  and  free  iodine.  Ferrous  caibonite 
occurs  in  nature  as  spathic  iron  ore.  As  it  is  obtained  in  the 
laboratory,  it  is  partially  hydrolyzed  and  is  easily  oxidised  to 
the  ferric  hydroxide.  It  is  more  soluble  in  water  contaiaing 
carbon  dioxide  in  solution  than  in  pure  water. 

Ferric  Compounds.— As  has  been  mentioned,  the  ferric  com- 
pounds are  formed  from  the  ferrous  by  oxidation.    This  takes 
place  more  readily  in  alkaline  than  in  acid  solutions,  but 
oxygen  of  the  air  is  able  to  bring  about  the  chan 
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Any  ferric  salt  in  solution  will  be  reduced  to  the  ferrous 
state  by  the  stronger  reducing  metals  such  as  zinc,  magnesium, 
iron,  etc.;  or  by  hydrogen  sulfide,  stannous  chloride,  or  iodine  as 
ion.  Some  of  these  properties  are  made  use  of  in  the  quantitative 
determination  of  iron,  it  being  reduced  to  the  ferrous  state  and 
then  titrated  with  permanganate. 

Ferric  Hydroxide. — Solutions  of  bases  when  added  to  a  solution 
of  a  ferric  salt,  produce  a  brown  precipitate  of  ferric  hydroxide, 
Fe(0H)8.  This  precipitate  is  very  slimy  when  formed  in  the 
cold,  but  becomes  more  compact  upon  boiling.  It  has  a  marked 
tendency  to  pass  into  colloidal  solution  especially  in  the  presence 
of  ferric  chloride.  By  separating  such  a  solution  from  pure 
water  by  parchment  paper,  dialysis  will  take  place  and  the  ferric 
chloride  will  gradually  diffuse  into  the  water  leaving  a  pure  solu*- 
tion  of  colloidal  ferric  hydroxide.  This  is  called  dialyzed  iron 
and  has  a  strong  red  color.  Like  other  colloids  it  has  practically 
no  effect  upon  the  boiUng-point  of  the  water,  and  is  precipitated 
by  many  neutral  salts.  It  is  a  positive  colloid  and  di-  and  trivalent 
anions  are  much  more  effective  than  monovalent  ones.  Ferric 
hydroxide  is  soluble  in  acids,  but  not  in  excess  of  dilute  alkaUes; 
or  in  ammonia  or  anmionium  salts.  It  is  a  very  weak  base,  and 
its  salts  are  as  highly  hydrolyzed  as  the  salts  of  aluminum; 
hence,  their  solutions  are  decidedly  acid.  The  ferric  ion  appears 
to  be  colorless,  but  the  ferric  salt  solutions  are  usually  colored, 
presumably,  in  most  cases,  from  the  hydroxide  formed  by 
hydrolysis. 

When  the  hydroxide  is  dried  and  heated,  it  passes  into  ferric 
oxide,  Fe20s,  which  in  finely  divided  condition  is  known  as 
''rouge"  and  ''Venetian  red,"  and  is  used  as  a  polishing  material 
and  pigment.  Although  ferric  hydroxide  will  not  dissolve  in 
dilute  alkaUes  it  is  somewhat  soluble  in  very  concentrated  solu- 
tions of  sodium  or  potassium  hydroxide,  forming  unstable  fer- 
rites.  The  dark  colored  substance  formed  during  the  early  stages 
of  the  oxidation  of  ferrous  hydroxide  is  probably  a  hydrated  fer- 
rous ferrite;  and  magnetic  iron  oxide,  Fe804,  is  in  all  probability 
the  anhydrous  compound  and  should  be  written  Fe(Fe02)2. 
This  is  a  valuable  iron  ore  and  remarkable  because  of  its  being 
attracted  by  magnets.  Some  specimens  act  as  magnets  and  are 
ihea  known  as  lodestones.    CiJcium,  magnesium,  and  zinc  fer- 
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rites  of  the  general  formula  M(FeO))».  are  known.     These  lit 
the  ferrous  ferrite  are  magnetic. 

Ferric  Chloride. — When  chlorine  ie  passed  over  heated  iron. 
anhydrous  ferric  chloride,  FeCIi,  subhmes  and  crystallizes  k 
dark  green  scales  which  have  a  metaihe  luster  and  are  red  bj 
transmitted  hght.  It  dissolves  in  water  with  the  evolution 
of  heat  and  from  ""  -"'"*■''—    -  —imber  of  hydrates  may  U 


obtained,  the  most  i 
readily  prepared, 
evaporating  the  son 
hydrate  and  allowi 
and  is  very  soluble 
are  considerably  h; 
at  low,  and  react  stri 
and  ether  as  well  a 
Ferric  Sulfate  — 
as  a  yellowish  white  soLa  Dj  . 


FeCl.-6H=0.  This  is  moS 
IU8  chloride  with  chlorint, 
he  composition  of  the  hem- 
The  hydrate  melta  at  37 
Solutions  of  ferric  chloride 
I  at  high  temperatures  then 
chloride  is  soluble  in  alcohol 
jaed  in  medicine. 
J»(SO0»i  may  be  prepared 
e  proper  amount  of  sulfuric 


solution  and  then  oxidizing  with  nitric 


acid  (o  ferrous  sulfate  ii 
acid, 

6FeS0*  +  3H,S0,  +  2HN0,  =  3Fe,CS04)i  +  2N0  +  4H,0 

and  evaporating  to  dryness.  With  potassium  and  ammoniuin 
sulfates,  it  forms  alums  such  as  ammonium  iron  alum,  NHiFe- 
(SO()rl2HiO.  When  pure  these  are  almost  coloriess,  but 
generally  have  a  violet  tint  due  perhaps  to  the  presence  of  a  tnce 
of  manganese.  Basic  ferric  sulfates  are  known  and  are  used  in 
medicine  to  stop  the  Sow  of  blood  from  wounds. 

Ferric  Thiocyanate. — Ferric  thiocyanate,Fe(NCS)t,  is  aslightly 
dissociated  salt  which  is  formed  by  the  interaction  of  a  ferric  salt 
and  a  soluble  thiocyanate.  It  has  a  most  intense  blood  red  color 
which  is  visible  even  at  high  dilutions.  The  appearance  of  thie 
color  upon  the  addition  of  potassium  thiocyanate  is  a  very 
delicate  test  for  ferric  iron.  Pure  ferrous  compounds  give  no 
color. 

Ferric  Sulfide. — Ferric  sulfide,  FeiSi,  is  thrown  down  ae  t 
black  precipitate  when  a  ferric  salt  is  added  to  an  excess  of 
ammonium  sulfide,  but  when  the  ferric  salt  is  in  excess,  redu^ 
tion  takes  place  with  the  formation  of  ferrous  sulfide  and  sulfur. 
Ferric  sulfide  is  also  formed  by  the  direct  union  of  the  elements. 
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PTiite. — ^Pyrite  or  "Fool'a  gold,"  FeSi,  is  the  moBt  atabW  of 
lie  sulfides  of  iron  at  ordinary  temperaturM.  It  is  found  tn 
■^ery  lai^  quantities  in  nature  and  is  an  important  source  of  the 
nilfur  for  sulfuric  acid.  It  occurs  in  golden  colored  crystals 
trhich  appear  in  a  great  variety  of  forms  belonging  to  the  regular 
lystems,  cubes  and  octahedrons  being  common. 

Ferric  Phoshate. — Ferric  phoshate,  FePO«,  is  so  slightly  »oluble 
that  it  is  precipitated  upon  the  addition  of  sodium  phosphate  to 
%  ferric  solution  even  in  the  presence  of  acetic  acid  in  which  most 
phosphates  are  soluble.  Advantage  is  sometimes  taken  of  thli 
property  to  remove  the  phosphate  ion  from  solutions.  It  Is  a 
irhite  slimy  precipitate  soluble  in  strong  acids. 

Cyanogen  Compounds. — When  potassium  cyanide  Is  added  to 
a  ferrous  solution  a  yellow  precipitate  is  formed  which  is  ferrouii 
cyanide.  It  dissolves  in  an  excess  of  potassium  cyanide,  form* 
ing  the  typical  complex  salt,  potassium  forrocyanlde  or  yellow 
prussiate  of  potash,  K4Fe(NC)<,  This  is  easily  soluble  In 
water  and  the  solution  shows  the  properties  of  other  poUmiutn 
salts,  but  not  those  of  either  the  ferrous  salts  or  the  cyanides; 
on  the  contrary,  it  has  an  entirely  different  set  of  properties. 
The  salt  for  example  is  nothing  like  as  poisonous  as  potaeeluni 
cyanide.    This  is  expressed  by  saying  that  it  dissociates  into  potas- 

dum  as  ion  and  the  c^nnplex  ferrocyam^en  iofl,  Fe(NC)» , 

Phis  ferroeyanogen  ion  is  formed  whenerer  the  ferrous  ion  is 
boiled  with  the  cyanogen  in  ^kaKne  sedation.  The  potamnim 
salt  has  the  ctnnpoaitioR,  K4Fe(NC)(-9HjO,  and  the  no^Hatti, 
Na4Fe(NC)rlOH,0.  Mw>y  o*  ihe  ferroeyftftides  are  iftsohibfe 
and  may  be  prepared  by  precipitation.  Ferric  ferrocyanide. 
Fe»(FefNC),)j,  has  a  dark  bfoe  cfAor  and  ie  known  as  "Pmwtian 
bloe."  The  formation  of  this  dark  blue  precipHate  is  a  very 
ddicate  test  for  ferrie  iron  and  it  is  indeed  remarkahte  that  a 
aolatioii  toottaeiB^f  iron  ean  b«  med  as  a  reagent  for  irftti.  When 
potasBom  ferroeyanide  '»  added  to  a  ferrous  salt  mlntion  in  th« 
aboenee  ol  oxygen,  a  white  preetpitate  havinq;  the  Mmpositiofi. 
EsFeFeCNQ*,  im  formed  whieh  quiekly  oxidizes  and  be>v>m<Dt 
bfaie. 

FciikfiBsiM. — Perrittyanides  may  he  easily  formed  ffun  the 
fenoeyanidea  by  die  atfion  of  oxitfinng:  agents.     TIm  p 


salt,  KtFe(NC]g,  for  example  is  made  by  paaeii^ehlorideU 
a  solution  of  potassium  ferrocyanide, 

2K4Fe(NC)<  +  €3.  -  2Ea  +  3EiFe(NC)i 

It  crystallizee  in  dark  red  prisms  and  is  kcowD  as  "red  pruemti' 
of  potash."  It,  is  the  potaasiuin  salt  of  the  complex  ferricyanoga 
ion,  Fe(NC)»  ,  which  differs  from  the  ferrocy^Dogen  ist^ 
it  carries  one  less  —  charge.  Ferric  salts  do  not  give  any  preop- 
tate  with  ferricyanides,  but  the  solution  becomes  somewhat  iiA 
brown.  Ferrous  salts,  however,  react  and  produce  a  d&rk  blw 
precipitate  of  Turnbull'sblue,  ferrousfemcyanide,  Pei(Fe(NCiii). 
which  is  very  similar  to  PruB»an  blue.  In  fact,  some  consider  v. 
identical  with  Prussian  blue  and  think  that  ferricyanogen  oxi- 
dizes the  ferrous  ion  to  the  ferric-  and  is  itself  reduced  to  the 
ferrocyanogen  before  they  combine. 

When  solutions  of  potassium  ferricyanide  and  ammonium 
ferric  citrate  are  mixed,  a  yellowish-brown  liquid  results.  If 
this  be  spread  over  paper  and  the  latter  dried  in  the  dark,  sen- 
sitized blue  print  paper  results.  When  it  is  exposed  to  sunli^t 
under  a  tracing  or  negative,  it  turns  blue  wherever  the  light 
strikes  the  paper,  from  the  formation  of  insoluble  blue  compoiudt 
hke  Prussian  blue.  This  may  be  due  to  the  reduction  of  the 
ferric  salt  to  the  ferrous  or  of  the  ferricyanogen  ion  to  the  ferro- 
cyanogen and  then  their  interaction.  After  the  printing,  tiie 
picture  is  "fixed"  by  washing  in  water  which  dissolves  tie 
unchanged  mixture,  leaving  white  hnes  on  a  blue  ground. 

Oxalates. — Ferrous  oxalate,  FeCiO<,  is  precipitated  as  a  yd- 
low  salt  by  the  addition  of  oxalic  acid  to  a  ferrous  solution.  It 
is  soluble  in  potassium  oxalate  owing  to  the  formation  of  the 
complex  salt,  KjFe(CiO0i,  which  has  a  yellowish-red  color  not 
unlike  that  of  many  ferric  salts.  Ferric  oxalate,  unlike  otter 
ferric  salts,  has  a  green  color  remotely  like  that  of  the  ferrciu 
salts.  It  forms  a  stable  complex  salt  with  potassium  oxalate, 
KiFe(CsO*)s,  which  also  has  a  green  color  and  gives  the  com- 
plex ion  Fe(CiOi)a .    The  usefulness  of  oxalic  acid  and  of 

acid  potassium  oxalate  in  removing  rust  and  ink  spots  fnun 
fabrics  is  due  to  the  formation  of  this  complex  ion.  8(>lution> 
of  ferric  oxalate  and  of  its  complex  compounds  are  very 
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^  the  light  and  are  quickly  reduced  to  ferrous  oxalate  with  the 
^i^olution  of  carbon  dioxide. 

Ferrates. — When  ferric  hydroxide  is  suspended  in  potassiiun 
-^Srdroxide  solution  and  chlorine  passed  in,  a  red  solution  of  potas- 
i^^in  ferrate,  KsFe04,  is  formed.  This  may  be  obtained  as 
siftystals  isomorphous  with  potassium  sulfate  and  chromate. 
-*  is  very  unstable.  Other  salts  have  been  prepared  by 
>recipitation. 

The  Corrosion  of  Iron. — It  is,  of  course,  well  known  to  every- 
csne  that  iron  when  exposed  to  air  and  water  will  gradually  be 
converted  into  partially  dehydrated  ferric  hydroxide,  which 
is  called  iron  rust.  The  importance  of  an  xmderstanding  of  the 
Conditions  which  influence  this  change  is  obvious,  owing  to  the 
almost  universal  use  of  iron  in  our  modem  structures.  There  is 
a  good  deal  of  dispute  concerning  many  of  the  facts  in  connection 
with  this  and  still  more  as  to  their  interpretation,  but  the  fol- 
lowing observations  are  generally  accepted  as  facts.  First,  iron 
will  be  rapidly  dissolved  and  corroded  by  practically  all  dilute 
acids  including  carbonic,  solutions  of  ferrous  salts  and  hydrogen 
gas  being  the  usual  products.  Second,  iron  will  slowly  dissolve 
m  pure  water  even  in  the  absence  of  oxygen  or  carbon  dioxide. 
The  action  is  not  very  extensive,  but  hydrogen  gas  is  evolved  and 
the  solution  becomes  distinctly  alkaline  from  the  ferrous  hy- 
droxide which  is  dissolved.  In  the  entire  absence  of  air,  the  solu- 
tion of  ferrous  hydroxide  formed  by  the  action  of  distilled  water 
upon  iron  will  remain  clear;  but  if  air  be  passed  through  it,  the 
whole  solution  will  take  on  the  color  of  iron  rust  and  will  deposit 
it.  Third,  that  the  corrosion  of  iron  will  be  greatly  increased  by 
the  presence  of  oxygen.  Fourth,  that  the  iron  is  more  readily 
attacked  the  more  impure  and  non-homogeneous  it  is.  Fifth, 
that  in  alkaline  solutions  the  corrosion  is  greatly  hindered  or 
suppressed.  Sixth,  that  in  certain  strong  oxidizing  agents,  such 
as  concentrated  nitric  acid,  dichromates,  and  red  lead,  the  iron 
becomes  "passive"  and  will  retain  this  condition  for  some  time 
after  the  removal  of  the  oxidizing  agent. 

The  most  consistent  interpretation  of  these  facts  seems  to  be 
the  foUowing:  That  the  oxidation  of  the  iron  takes  place  in  two 
gtages;  firsti  to  the  ferrous  and  then  to  the  ferric  condition; 
that  the  ozidisiDgiaa^^  «ri»ieh  dissolves  the  htv  ous 
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state  18  hydrogen  as  ion  either  from  acids  or  from  water,  ml  - 
that  the  oxidation  to  the  ferric  is  brought  about  by  the  oxj-pini  I 
the  air.  Since  an  oxidizing  agent  13  the  more  active  the  mon  1^ 
concentrated  it  is,  the  more  rapid  solution  in  acids  than  ic  wiW 
is  readily  understood  as  being  due  to  the  smaller  concectratios 
of  the  ionized  hydrogen  in  the  latter.  The  protective  action  4 
alkaline  solutions  may  be  ascribed  to  the  concentration  of  tk 


hydrogen  as  ion  hav 
concentration  of  tl 
agent  to  oxidize  the 
cannot  take  place. 
If  the  iron  is  non 
various  points  on 
result.    Hydrogen 
the  metal  for  any  c 
gen  has  a  tendency  tc 
will  be  polarized  and 
it  will  act  as  a  depolarizer 


iduced  by  the  increase  in  tbe 
it  is  not  a  strong  enouib 
le  first  stage  of  the  ruetiiE 

Itaic  couples  will  be  set  up : 
ocal  electrolytic  action  wiB 
sited  at  those  points  where 
ithode,  and  since  this  hydro- 
solution  as  ion,  the  local  celts 
lercd.  If  oxygen  is  present, 
increase  the  rate  of  electro- 
lytic, corrosion,  and  then  in  addition  will  oxidize  the  ferrous  ion 
80  produced  to  the  ferric,  and  so  complete  the  rusting  proceas. 
There  seems  to  be  no  satisfactory  explanation  for  the  passivity 
of  iron. 

Analytical  Properties  of  Iron. — Because  of  the  precipitation 
of  ferric  hydroxide  by  ammonium  hydroxide  in  the  presence  of 
ammonium  salts,  iron  is  placed  in  an  analytical  group  with 
aluminum  and  chromium.  Ferrous  salts  give  a  deep  blue 
with  ferricyanides,  while  ferric  compounds  give  the  same  color 
with  ferrocyanides  and  also  a  blood  red  with  thiocyanates.  With 
the  borax  bead,  iron  compounds  give  green  colorations  in  ^fl 
reducing  flame  and  a  faint  yellow  or  brown  in  the  oxidioBg 


Cobalt 

Cobalt  haa  a  slightly  higher  atomic  weight  than  nickel,  but 
it  is  more  closely  related  to  iron  than  nickel  is,  bo  it  is  usually 
placed  ahead  of  the  latter  in  the  periodic  system.  Cobalt 
occurs  in  nature  in  rather  small  quantities  chiefly  as  smaltite, 
CoAsi,    and    cobaltite,    CoAsS,    and   is    commonly    associated 
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"^v-ith  iron,  nickel,  and  manganese.     It  is  almost  always  a  con- 
stituent of  meteoric  iron  and  is  present  in  the  sun  as  indicated 
l>y  the  spectrum.    The  metal  may  be  obtained  by  the  reduction 
Of  the  oxide  at  a  high  temperature  with  carbon  or  hydrogen, 
l>y  the  Goldschmidt  process,  or  by  the  electrolysis  of  a  solu- 
tion of  the  sulfate.    It  is  magnetic  and  has  the  color  of  polished 
iron,  becoming  pink  on  exposure  to  the  air,  and  melts  at  1,494^. 
It  slowly  oxidizes  when  heated  and  burns  at  a  high  temperature. 
It  is  attacked  by  dilute  acids,  but  tends  to  become  passive  as  iron 
does.    Very  recent  experiments  indicate  that  cobalt  can  be  sub- 
stituted with  advantage  for  nickel  in  electroplating  other  metals. 
The  coating  may  be  applied  much  more  rapidly,  it  is  harder  and 
more  durable  and  hence  may  be  made  thinner  than  nickel  with 
equally  good  results.    Cobalt  forms  two  series  of  compounds 
corresponding  to  ferrous  and  ferric.    The  simple  cobaltous  com- 
pounds are  more  stable  than  the  simple  cobaltic,  but  the  case  is 
the  other  way  around  with  the  complex  compounds. 

Cobaltous  Compounds. — When  sodium  hydroxide  is  added 
to  a  cobaltous  solution,  a  blue  precipitate  of  basic  salt  is  formed 
which  on  standing  becomes  pink  and  is  changed  to  the  hydrozidei 
Co(OH)s*  This,  like  the  corresponding  ferrous,  manganous,  and 
magnesium  compounds,  is  soluble  in  ammonium  salts.  In  addi- 
tion, it  is  soluble  in  ammonium  hydroxide  presiunably  because 
of  the  formation  of  complex  anmionia  ions.  The  anmioniacal 
solution  absorbs  oxygen,  and  a  series  of  complex  cobaltic  am- 
monia salts  are  formed  which  will  be  treated  briefly  a  Uttle  later. 
The  cobaltous  salts  in  dilute  solution  have  a  red  color  and  so  do 
most  of  the  fully  hydrated  soUd  salts,  but  the  partially  or  com- 
pletely dehydrated  compounds  are  generally  blue.  Cobalt 
chloridei  CoCls'6HsO,  is  especially  sensitive  in  this  respect. 
One  may  prepare  a  dilute  solution  of  cobalt  chloride  and  write 
with  it  upon  paper;  after  drying,  the  deUcate  pink  of  the  salt 
is  scarcely  visible,  but  when  heated  it  loses  water  and  the  charac- 
ters become  distinctly  traced  in  the  blue  of  the  less  hydrated 
salt.  Upon  standing  in  the  air  at  ordinary  temperatures, 
the  salt  takes  up  water  once  more  and  the  writing  disappears. 
This  is  the  basis  of  the  so-called  ''sympathetic  ink." 

Cobalt  Sulfate. — Cobalt  sulfate,  CoS04'7HsO,  is  isomorphous 
with  magnesium  sulfate  and  forms  double  sulfates  with  ammo- 
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will  not  be  described  here,  but  something  will  be  sud  of  a 
method  in  connection  with  nickel  carbonyl. 

Properties. — Nickel  ia  a  silvery  white  metal  with  a  tinge  ri  | 
yellow.     It  takes  a  high  polish  and  is  hard  but  malleable  and  1 
may  be  rolled  into  thin  sheets  or  drawn  into  fine  wire.     The  pun  ' 
metal  melts  at  1,451°.     It  is  magnetic.     Nickel  is  a  compoD^nl 
of  a  number  of  important  alloys.     German  silver  contains  ap-   ' 


proximately  60  per  i 

cent,  nickel,  but  the  < 

usually  contain  75  i 

Nickel  steel  has  vei 

strength  and  tough nts- 

nickel  has  a  very  si 

"invar."     It  is  uaei 

length  will  vary  but 

wire  having  a  core 

of  platinum  over  ali  u 

than  glass  and  is  coming  >. 

metal  platinum  for  sealing  in  wires  ii 


per  cent,  zinc,  and  15 
iries  widely.  Nickel  ci 
,  and  25  per  cent.  itickeL 
Lies  because  of  its  increased 
aining  about  36  per  cent,  of 
coefficient  and  is  known  u 
idard  meters  because  thdr 
!  temperature.  A  compla 
acket  of  copper  and  a  coal 
lUer  coefficient  of  expansioD 
place  of  the  very  precious 
electric  light  bulbs.     Monel 


metal  is  a  nickel-copper  alloy  obtained  by  the  direct  smelting  of 
the  nickel  copper  ores  mined  at  Sudbury,  Ontario.  It  can  be 
cheaply  produced  and  has  the  very  valuable  properties  of  corrod- 
ing less  easily  than  brass  or  bronze  and  of  being  nearly  as  strong 
as  steel.  Nickel  may  be  readily  deposited  electrolytically  from 
a  solution  of  the  double  sulfate  with  ammonia  (NH()iNi(S04]i'- 
6HiO,  using  anodes  of  cast  nickel  containing  some  carbon  be- 
cause they  dissolve  more  readily  than  the  pure  metal.  Iron  or 
steel  articles  are  first  coated  with  copper  and  then  with  nickel 
Nickel  plate  takes  a  high  polish  and  protects  the  iron  effectually 
from  rust.  Nickel  does  not  rust  in  the  air  and  is  but  slowly 
attacked  by  steam  even  at  a  red  heat.  It  is  slowly  dissolved  by 
dilute  acids  with  the  exception  of  nitric  which  acts  upon  it  rapidly. 
Concentrated  nitric  acid,  however,  renders  it  passive. 

Nickel  Compounds. — Nickel  forms  only  one  series  of  salts 
which  correspond  to  the  ferrous  and  cobaltous  salts.  These 
may  be  considered  to  be  derived  from  the  oxide,  NiO,  or  the 
hydroxide,  Ni(OH)t,  both  of  which  are  well-known.  In  addition 
there  is  a  well-defined  oxide,  NiiOi,  and  a  hydroxide,  ^1(011)1, 
corresponding  to  ferric  oxide  and  hydroxide,  Nij04,  analogous  to 
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^^^^^^.agnetite,  and  a  peroxide,  Ni02,  but  no  salts  of  these  are  known. 
^Ir^he  nickel  salts  both  in  the  crystalline  form  and  in  solution  are 
^^^^ually  green. 

Oxides  and  Hydroxides. — Nickelous  hydroxide,  Ni(0H)2,  is 
apple  green  precipitate.    When  heated,  it  readily  decomposes 
water  and  the  oxide,  NiO.    The  hydroxide  is  not  soluble  in 
excess  of  sodium  hydroxide,  but  does  dissolve  in  ammonium 
hydroxide  owing  to  the  formation  of  dark  blue  nickel  ammonia 
£ons  which  probably  have  the  composition,  Ni(NHs)4"*""*',  and 
"NiCNHOe"*"^.    The  hydroxide  is  also  soluble  in  anunonium  salts. 
Nickelic  oxide,  Ni20i,  may  be  obtained  by  carefully  heating  the 
nitrate.    When  this  or  any  of  the  other  compounds  of  nickel  is 
heated  in  oxygen,  the  oxide  Nis04  is  formed.    Nickelic  hy- 
droxide, Ni(OH)i,  is  a  black  precipitate  which  is  formed  by  the 
action  of  a  hypochlorite  on  any  nickel  salt  in  solution.     When 
nickelic  hydroxide  or  any  of  the  oxides,  higher  than  the  mon- 
oxide, is  dissolved  in  hydrochloric  acid,  chlorine  is  evolved  and 
nickelous  chloride,  NiCU,  is  formed. 

Edison  Storage  Cell. — The  Edison  storage  battery  is  a  revers- 
ible,  electric  cell  in  which  the  oxidizing  agent  is  nickelic  hy- 
droxide, Ni(0H)3;  the  reducing  agent  finely  divided  iron;  and 
the  electrolyte  21  per  cent,  potassium  hydroxide.  While  it  is 
discharging,  the  nickel  is  reduced  to  the  divalent  state,  and  the 
iron  oxidized  to  the  ferrous.  On  charge  the  nickel  is  oxidized  to 
the  nickelic,  and  the  ferrous  reduced  to  the  metallic  state,  thus 
restoring  the  cell  to  its  original  condition.  Its  electromotive 
force  is  lower  and  its  internal  resistance  higher  than  the  corre- 
sponding magnitudes  for  the  lead  storage  cell,  so  it  is  less  efficient, 
but  it  is  lighter  and  more  durable  than  the  latter. 

Salts. — ^Anhydrous  nickel  chloride  is  brown,  but  the  hexa- 
hydrate,  NiCU-dHsO,  is  green  like  most  of  the  nickel  salts.  The 
sulfate  usually  crystallizes  as  a  hexahydrate,  NiS04*6H20,  but 
it  may  be  obtained  as  heptahydrate  isomorphous  with  mag- 
nesium sulfate.  The  double  sulfate  with  ammonium  sulfate, 
mentioned  in  connection  with  nickel  plating,  is  isomorphous 
with  the  other  double  sulfates  of  this  same  type.  It  is  manu- 
factured on  a  large  scale  and  is  one  of  the  important  salts  of 
nickel.  Nickel  cyanide,  Ni(NC)s,  is  a  green  precipitate  which 
is  thrown  down  by  potassiimi  cyanide  from  a  nickel  salt  sduiior 
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It  is  soluble  in  an  excess  of  the  potassium  cyanide  forming  "ik 
complex  salt,  KiNUNOjHjO.  This  is  not  analogous  to  fern- 
and  cobaltocyanides  and  is  much  less  stable.  It  is  not  oiddiiei 
to  anything  which  corresponds  to  the  ferri-  or  cobalticyanida. 
Nickel  salts  color  the  borax  bead  brown  while  cobalt  com- 
pounds give  a  very  intense  blue.  Nickel  sulfide,  NiS,  is  formed 
under  the  same  co'"''*'""''  "=  ♦'^"*  of  cobalt  and  has  the  esjas 
solubility.     A  solutior  glyoxime  H,OtNiCi(CHi)i 

reacts  with  a  solutic  salt,  acid   with   acetic  aod 

and  containing  sod  ;ive  a  bright  red  precii»tit« 

of  nickel  dimethyl 

NiCU  +  2H,0,N,C  iI»0.  =  NiIHO,N,C.(CH,),i. 

ECiH,0, 

Cobalt  does  not  ecipitate  and  this  makes  it 

easy  to  detect  nick  j  of  cobalt. 

Nickel  Carbonyl.— INich..  .  ,-1,  Ni(C0)4,  is  formed  be!o« 

80"  by  the  action  of  carbon  monoxide  upon  finely  divided  nickel. 
It  is  a  colorle83  liquid  which  boils  at  43°.  Its  vapor  decom- 
poses explosively  at  60°,  When  diluted  with  carbon  motioride 
it  decomposes  gradually  and  its  decomposition  is  not  compiele 
below  180°.  Cobalt  does  not  form  any  similar  compouod.  k 
process  based  upon  this  property  of  nickel  has  been  used  for 
its  extraction  from  the  ores.  One  difficulty  in  its  application 
is  that  the  carbon  monoxide  is  partially  decomposed  with  the 
deposition  of  carbon  and  the  formation  of  the  dioxide. 

The  Platinum  Metals 

The  remaining  members  of  Group  VIII,  the  ruthenium  and 
platinum  sub-groups  may  conveniently  be  considered  together 
under  the  heading  of  the  platinum  metals.  .  These  metals  are 
found  associated  in  the  native  platinum  ores  which  are  obtained 
by  placer  mining  or  dredging,  chie8y  in  the  Ural  MountainB, 
although  Columbia  furnishes  a  small  per  cent,  of  the  world's  out- 
put. They  are  also  found  in  certain  copper  ores  and  in  tb» 
nickel  copper  ores  of  Sudbury,  Ontario.  In  the  following  t: 
these  metals  are  arranged  as  they  are  in  the  periodic  syBtem  ■ 
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\inder  each  is  given  some  of  its  more  prominent  properties  and 
the  formulas  of  a  few  typical  compounds. 


Ruthenium 

Densily        12.0 
Melt.  p.    2,000'' 
Oxides      RuO 
RutOt 
RuOs 
Ru04 
Salts         RuClt 
RuCli, 


Rhodium 

12.1 

1,970* 

RhO 

RhsOt 

RhOt 


(vol.  liq.) 


RuCl4, 

KsRu04, 

Osmium 

Density 

22.5 

Melt.  p. 

2,700* 

Oxides 

OsO 

OstOt 

OsOt 

O8O4 

Salts 

Osas 

OsCli, 

KsRuCU     RhCli, 

Rh,(S04)i 

KjRuCli     

KRUO4       

Iridium 

22.4 

2,200* 


KsRhQi 
(alums) 


Palladium 

11.6 

1,660* 

PdO 

PdO, 
PdCU 


PdCU,     KiPdCl, 


PlcUinum 
21.4 
1,763* 
PtO 


It/), 
IrOf 


O8CI4, 
KsOs04 


(vol.  liq.)    

IrCl, 

KiOsCli      IrCl,, 

Ir,(S04)i 

KtOsai      IrCU, 


KJrQf 
(alums) 
KJrClf 


PtOf 

PtCl,,      KiPta4 


PtCU,      KiPtCli 


An  inspection  of  this  table  will  show  strong  resemblances  be- 
tween the  elements  in  each  horizontal  row  and  vertical  column. 
All  these  elements  form  complex  compoxmds  with  anunonia 
which  are  so  numerous  and  varied  that  larger  works  must  be 
consulted  for  their  discussion. 

Ruthenium  and  osmium  are  iron  gray  metals  which  are  not 
dissolved  by  any  single  acid,  and  are  but  very  slowly  attacked 
even  by  aqua  regia.  They  are  dissolved  by  fusion  with  alkalies 
and  nitrates.  When  finely  divided  and  heated  in  oxygen  they 
form  the  tetroxides  and  volatilize.  Osmium  tetroxide  is  not 
the  anhydride  of  any  acid,  but  is  called  osmic  acid.  It  is  used 
for  staining  and  hardening  histological  specimens.  It  has  a  . 
very  disagreeable  odor  and  is  exceedingly  irritating  to  the  mucous 
membrane  owing  to  its  reduction  to  metallic  osmium.  The 
formation  of  osmates  and  ruthenates  establishes  a  connection 
with  iron  and  manganese. 
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Rhodium  aod  Iridiam  are  wbite  metals  whioh  an  not  at- 
tacked by  aqiu  regia.    They  will  fonn  very  hatd, 
resistant  alloys  with  platiaum.    Iridium  especially  ig  used  lot 
this  purpose. 

Palladium  and  platinum  are  white  metals.  Platinum  ifii- 
solves  in  aqua  regia  and  palladium  even  in  nitric  acid,  and  ia  tk 
only  metal  in  the  two  sub-groups  which  will  do  so.  Botli 
platinum  and  palladium  are  remarkable  for  their  ability  to  ab- 
sorb gases,  especially  hydrogen,  of  which  palladium  will  take  19 
as  much  as  1,000  times  its  volume.  The  bydrogeD  and  the  p^ 
ladium  form  a  solid  solution  which  has  greater  volume  than  (he 
metal.  The  hydrogen  in  this  solution  will  readily  reduce  alnt 
and  copper  to  the  metals,  and  ferric  salts  to  ferrous  as  would  in 
expected  from  the  position  of  hydrogen  in  the  potential  asii 
which,  of  course,  is  not  materially  altered  by  its  solution  id 
palladium. 

Platinum. — Platinum  is  by  far  the  most  importtuik  membv  ii 
this  group.  Not  only  is  it  indispensable  to  the  chemist,  but  it  also 
touches  our  daily  life  in  many  ways,  especially  in  our  electrical 
appliances.  It  is  almost  the  only  pure  metal  which  has  tbe 
proper  coefficient  of  expansion,  melting-point,  and  chemical 
resistivity  to  enable  it  to  be  fused  through  glass.  This  comes  into 
play  in  many  ways,  particularly  in  the  making  of  incandescent 
electric  bulbs.  It  is  used  in  the  form  of  wire,  foil,  crucibles,  sod 
dishes  in  the  laboratory,  and  it  is  hard  to  conceive  what  m 
should  do  without  it. 

Platinum  ware  must  be  handled  with  care  because  it  is  mined 
by  contact  when  hot  with  easily  fusible  metals,  alkalies,  pbOB- 
phonis,  carbon,  and  sihcon.  The  carbonates  of  the  alkalies 
may  be  heated  in  it  without  danger.  Aqua  regia  or  anything 
which  will  evolve  chlorine  should  not  be  allowed  in  contact  with 
platinum. 

As  has  been  noticed  many  times  on  the  preceding  pages,  plati- 
num is  very  active  as  a  catalytic  agent,  especially  for  reactions 
between  gases.  Advantage  is  taken  of  this  on  a  large  scale  for 
the  production  of  sulfuric  acid  by  the  contact  process.  The 
reactions  take  place  on  the  surface  of  the  metal  and  naturally 
go  on  more  rapidly  in  the  aggregate,  the  greater  the  surface 
exposed.    For  this  reason  the  very  finely  divided  black  form  of 
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bhe  metal  which  is  obtained  by  the  electrolysis  of  its  chloride  in 
iolution,  or  by  the  reduction  of  the  solution  with  a  powerful 
reducing  agent,  is  especially  active  and  wUl  cause  the  instantane- 
ous explosion  of  a  mixture  of  oxygen  and  hydrogen.  The 
metal  may  be  obtained  in  a  spongy  condition  with  large  surface 
Buad  high  activity  by  gently  heating  ammonium  chloroplatinate, 
(NHOsPtCUy  which  decomposes  and  leaves  spongy  platinum. 
By  heating  this  platinum  sponge  to  whiteness  and  then  ham- 
mering, it  may  be  converted  into  compact  metal,  for  at  this 
temperature  platinum  welds  very  easily. 

Platinum  Compounds. — ^As  may  be  seen  from  the  table,  plati- 
num forms  two  series  of  compounds.  In  the  platinous  it  is  di- 
and  in  the  platinic  tetravalent.  The  platinous  compounds  are 
generally  formed  from  the  platinic  by  reduction. 

Platinous  Hydroxide. — ^Platinous  hydroxide,  Pt(OH)i,  is  a 
black  precipitate  which  is  soluble  in  acids  but  not  in  bases. 
With  hydrochloric  acid  it  forms  chloroplatinous  acid,  HjPtCU,- 
whose  potassium  salt,  K2PtCl4,  potassium  chloroplatinite  is  used 
in  making  platinum  photographic  prints.  Similar  compounds 
are  well  known  in  which  chlorine  is  replaced  by  cyanogen. 
These  are  called  platinocyanides.  The  bariimi  platinocyanide, 
BaPt(NC)4'4H20,  is  very  fluorescent  and  shines  under  the  in- 
fluence of  ultra-violet  light  and  X-rays.  Advantage  is  taken  of 
this  in  making  screens  for  X-ray  work. 

When  platinum  dissolves  in  aqua  regia  it  forms  chloroplatinic 
acidi  HsPtCle)  which  gives  sparingly  soluble  chloroplatinates  with 
potassium  and  ammonium  salts,  KjPtCle,  and  (NHOtPtde- 
These  form  yellow  precipitates  which  consist  of  small  octahedrons 
and  are  very  characteristic  for  platinum.  When  heated  they 
decompose  and  leave  spongy  platinum  and  potassiimi  chloride 
from  KsPtCU)  or  simply  platinum  from  the  ammonium  salt. 
When  silver  salts.are  added  to  solutions  of  the  chloroplatinates, 
precipitates  of  AgjPtCU,  are  formed  and  not  AgCl,  which  shows 
that  the  chloroplatinate  ion  is  a  stable  complex  ion.  By  heating 
chloroplatinic  acid  in  a  stream  of  chlorine,  platinic  chloride, 
PtQii  is  formed.     When  dissolved  in  water  this  gives  H2PtCl40. 

Platinic  Hydroxide.— Platinic  hydroxide,  Pt(0H)4,  is  formed 
by  the  addition  of  bases  to  chloroplatinate  solutions.  It  is  solu- 
ble both  in  acids  and  bases.     Ck>mplex  platinates  are  for         ^ 
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the  action  of  bases  upon  the  hydroxide.     The  potassium  salt 
be  represented  by  the  formula,  KjPt{OH)«,  and  is  considered 
analogous  to  the  chloroplatinates. 

Analytical  Properties  of  Platinuin. — Ptatinous  sulfide,  PtS, 
and  platinic  sulfide,  PtSi,  are  precipitated  by  hydrogen  sulfide 
from  the  respective  salts.  They  are  not  soluble  in  dilute  acids  bnl 
dissolve  in  yellow 
Platinum  compounds 
salts  but  not  by  oxal 
from  gold. 


^de,  forming  thioplatinst^ 
uced  to  the  metal  by  ferroia 
itter  property  is  a  distinctioB 


CHAPTER  XXXt  ^ 
RADIOACTIVITY 

In  discussing  radium,  thorium,  and  uranium,  mention  was 
xiade  that  these  substances  are  radioactive;  and  by  this  is  meant 
shat  they  spontaneously  give  out  heat  and  other  manifestations 
>f  energy  which  are  able  to  affect  a  photographic  plate;  to  cause 
certain  substances  to  fluoresce;  and  to  render  the  air  in  their 
Neighborhood  a  conductor  of  electricity.  These  other  manifesta- 
ions  of  energy  are  called  rays;  and  from  this  comes  the  term 
Btdioactivity.  Three  different  kinds  of  these  rays  are  distin- 
luished;  the  alpha,  beta,  and  gamma  rays. 

The  alpha  rays  are  responsible  for  most  of  the  ionization  of  the 
dr  produced  by  radioactive  substances;  they  can  penetrate  the 
dr  only  a  few  centimeters  and  are  easily  stopped  by  paper, 
they  are  connected  with  the  development  of  the  greater  part 
^f  the  heat  evolved  by  such  substances.  When  iminfluenced 
^y  external  forces  they  move  in  straight  lines;  but  under  the 
jifiuence  of  an  electrostatic  or  a  magnetic  field,  they  are  slightly 
bent  out  of  their  path  and  act  as  though  they  consisted  of  a 
stream  of  rapidly  moving  small  particles  charged  with  positive 
electricity.  Calculations  based  upon  the  bending  of  the  path 
>f  the  rays  in  these  two  fields  indicate  that  2  grm.  of  the  rays 
^ould  carry  96,600  coulombs  and  that  they  move  with  about  one- 
ienth  the  velocity  of  light.  These  rays  are  generally  supposed 
}0  be  atoms  of  helium  carrying  two  positive  charges  of  electricity. 

The  beta  rays  are  more  penetrating  than  the  alpha  rays  and 
pass  readily  through  paper  and  even  through  thin  sheets  of  metal, 
rhey  are  especially  active  toward  a  photographic  plate.  Like 
;he  alpha  rays  they  move  in  a  straight  line,  unless  influenced  by 
i  magnetic  or  electrostatic  field  when  they  are  deflected  in  the 
)ppo8ite  direction  from  that  in  which  the  alphas  are  turned  and 
nuch  more  strongly.  They  act  like  negatively  charged  particles, 
md  calculations  based  upon  this  .assumption  indicate  that  1  grm. 
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of  beta  rays  would  carry  1,800  X  96,500  coulombs  and 
with  velocities  varying  from  one-third  to  almost  equal  tlut 
light.     These  rays  appear  to  be  identical  with  the  cathode  rajir 
a  high  vacuum  tube.     The  very  small  particles  which  constitutt' 
these  rays  are  called  electrons. 

The  gamma  rays  are  very  penetrating  and  will  pass  resih 
through  bodipfl  which  will  stop  the  other  forma  of  rsdiatioEL 
They  are  produced  in  much  smaller  amounts  than  the  othn 

rays.     They  are  no*  ■'-'' — '"'  ' ignetic  or  electrostatic  field! 

and  seem  to  be  ide  rs,  that  is  they  are  light  rf 

exceedingly  short  wav  luch  shorter  than  that  which 

is  visible.     They  are  j  uced  by  the  impact  of  iJm 

beta  rays. 

Certain  experim  performed   with   the  a-rays 

which  furnish  the  str  e  yet  brought  forward  th»l 

particles  of  about  the  !e  of  the  atoms  really  ensl. 

These  experiments  may   v.  d  as  follows;     A  source  fi 

a-rays  is  placed  at  "■     '  3m  and  in  line  with  a  braa 

tube.     In  the  axis  insulated  from  it  is  a  win 

connected  with  an  electrometer.  'here  is  a  high  difference  of 
potential  between  the  tube  and  the  wire.  As  the  a-raya  enterthe 
tube,  they  render  the  air  within  it  a  conductor  and  the  needle  of 
the  electrometer  moves.  If  the  radioactive  substance  is  far 
enough  from  the  tube,  the  movement  of  the  electrometer  is  inter- 
mittent and  the  jumps  come  at  intervals  of  a  few  seconds.  This 
shows  that  the  stream  of  a-particles  is  not  continuous,  or  the 
movement  would  have  been  steady.  By  counting  the  jumps  it 
is  possible  to  determine  the  number  of  particles  entering  the  tube 
in  unit  time.  If  now  an  insulated  plate  of  metal  the  size  of  the 
opening  in  the  tube  be  placed  at  the  mouth  of  the  tatter,  it  will 
absorb  the  a-rays  and  take  up  the  charge  of  electricity  that  they 
carry.  By  determining  the  charge  acquired  in  unit  time,  the 
charge  on  one  particle  can  be  calculated,  and  from  this,  assum- 
ing that  the  a-particlea  are  helium  atoms,  since  4  grm.  of  a- 
particles  carry  2  X  96,500  coulombs,  the  number  of  particles  in 
a  gram  mole  of  helium  and  the  mass  of  a  single  molecule  may  be 
calculated.  The  results  are  that  a  gram  mole  containa  6.1  X  lO" 
molecules,  and  a  molecule  or  atom,  for  they  are  identical  in 
helium,  weighs  6.5  X  10~"  gnn. 
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A  great  deal  of  wotk  has  been  done  on  radioactive  substances 
the  result  that  the  following  facts  seem  to  be  established 
l)eyond  a  doubt.  First,  that  the  radioactive  substances,  uranium, 
"thorium  and  radium  are  as  truly  elements  for  all  chemical  pur- 
poses as  any  others  of  our  elements.  Second,  that  these  elements 
are  continually  and  spontaneously  undergoing  transformations 
into  other  elements  with  a  decrease  in  energy  which  appears  in 
the  form  of  heat  and  the  various  rays.  One  gram  of  radium  gives 
out  118  grm.  calories  of  heat  per  hour.  Third,  that  in  the  case 
of  radium^  one  of  the  products  of  the  transformation  is  a  gaseous 
substance,  called  radium  emanation  or  niton,  and  that  it  is  an 
element  of  the  argon  group  of  inert  gases,  since  it  is  unattacked 
by  any  chemical  treatment  and  has  a  characteristic  spectnun 
similar  to  that  of  the  other  gases  of  the  group.  It  has  a  molecular 
weight  of  224,  which  is  probably  also  its  atomic  weight.  It 
is  highly  radioactive  and  changes  in  about  a  month  into  other 
elements,  one  of  which  is  the  undoubted  element  helium.  Fourth, 
that  radium  is  present  in  every  uranimn  ore  in  practically  a 
constant  ratio  to  the  uranium  content  of  the  ore.  Fifth,  that 
a  substance  having  all  the  properties  of  lead  with  the  exception 
of  a  slightly  smaller  atomic  weight,  206  instead  of  207.2,  is  a 
final  product  of  the  disintegration  of  uranium.  These  and  other 
facts  of  a  similar  nature  are  interpreted  to  mean  that  radio- 
active elements  decay  and  pass  finally  into  other  and  more 
stable  elements,  and  that  they  follow  the  law  of  successive  reac- 
tions in  going  through  a  number  of  stages.  Radium  is  one  of  the 
decomposition  products  of  uranium,  and  the  radium  emanation  in 
turn  comes  from  the  radium  and  goes  on  into  helium,  etc. 

Some  idea  of  the  kind  of  evidence  upon  which  these  conclu- 
sions are  based  may  be  obtained  from  the  following:  Uranium 
salts  which  have  been  kept  for  some  time  give  out  all  three 
kinds  of  rays.  But  when  such  a  salt  is  dissolved  in  water  and 
ammonium  carbonate  added  until  the  precipitate  which  first 
forms  is  redissolved,  a  very  small  residue  is  left  which  gives  no 
alpha  rays  but  has  all  the  beta  and  gamma  activity  of  the  original 
salt.  The  uranimn  carbonate  which  has  redissolved  has  all  the 
alpha  activity  of  the  original  compound  but  gives  rise  to  no  beta 
or  gamma  rays.  The  undissolved  precipitate  is  called  uraniimi-X, 
and  is  chemically  unlike  uranium.    If  the  uranium  csrhcmate 
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be  reconverted  into  the  nitrate  and  then  repredpHitol  ■ 
dissolved  by  ammonium  carbonate,  no  farther  predpil 
uranium-X  will  be  formed.    But  let  both  the  uraniiiift-Xi 
the  uranium  preparation  stand  for  eome  time,  and  it  n 
found  that  at  the  end  of  about  24  da;yB  the  uranium-X  will  ta 
tost  half  of  its  activity  and  the  uranium  wiU  have  r^ainedUEl 
of  the  beta  and  gamma  activity  which  it  lost,  and  that  tkvl 
changes  will  go  onuntil  finally  the  lU'aniumwOl  recover  ttsorigiul  I 
activity.    If  now  it  bereprecipitated  and  redissolved  by  ui]ido-| 
nium  carbonate,  a  further  residue  of  uranium-X  will  be  obtainel  1 
This  series  of  operations  may  be  repeated  as  often  as  denndl 
with  the  same  sample  of  lu^nium,  and  it  will  always  be  fomd  I 
that  when  the  repetition  is  made  immediateV  that  no  forte  I 
residue  of  uranium-X  can  be  obtained,  but  after  standing  fs  1 
some  time  it  can  always  be  secured.     Therefore,  uraniom-X  I 
is  something  which  grows  in  a  uranium  compound  and  vtiA  I 
gives  off  beta  and  gamma  rays  and  is  half  transformed  into  i 
something  else  iu  24  days,  while  uranium  passes  into  uraDiuni' 
X  with  the  production  of  alpharays.     Thereisevideacethattiis 
uranium-X  really  consists  of  two  substances  uranium-Xi  and   ' 
uranium-Xi  and   that  Xi  changes  into  Xj  and  the  latter  into 
uranium  2  which  passes  into  a  substance  called  ionium  which 
goes  into  radium  and  this  into  radium  emanation  and  so  on 
as  shown  in  the  table  on  p.  499. 

The  following  table  represents  the  results  of  an  immense 
amount  of  labor  on  the  part  of  many  investigators  together  with 
something  of  the  theoretical  explanation  of  the  phenomena. 
While  it  contains  a  number  of  points  which  are  still  somewhat  in 
question,  it  is,  on  the  whole,  worthy  of  confidence  as  a  woridng 
theory  and  should  be  carefully  studied.  la  the  first  column, 
is  given  the  group  and  the  sub-family  in  the  periodic  system  of  the 
element  whose  name  begins  the  same  horisontal  line  in  the 
second  column.  The  second  column  gives  the  equations  rep- 
resenting the  successive  radioactive  transformation  of  the 
element  uranium.  The  figures  just  below  the  names  of  the 
elements  are  the  rounded  values  for  their  atomic  weights.  The 
third  column  gives  the  rays  produced,  omitting  the  y  rays  because 
these  are  produced  by  the  ff  rays.  In  the  last  column,  the 
average  lives  of  the  atoms  of  the  radioactive  elements  are  given. 
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Theoretical  Transformation  Series 

^2^X»«iii 

fc^J^gdio 

Element  trans- 

formed and 

Products  and  atomic  weights 

Rays 

Average    life 

• 

atomic  weights 

^    Xrft 

Uranium  1 

=  Uranium  Xi 

4-  Helium 

a 

8  X  10*  years 

238,,..^- 

234 

4 

^    Xeft 

Uranium  Xi 

-  Uranium  Xs 

4-  Electron 

fi 

35.5  days 

234^^ 

--^    234 

Ksoo 

I&    Left 

Uranium  Xs 

=  Uranium  2 

4-  Electron 

$ 

1.65  minutes 

234, 

—^    234 

Ksoo 

Q  L<f  t 

Uranium  2 

s  Ionium 

4-  Helium 

a 

3  X  10«  years 

234,..,^ 

--^    230 

4 

^  Left 

Ionium 

—  Radium 

4-  Helium 

a 

2  X  10»  years 

230^^ 

'-^     226 

4 

:2  L«f  i 

Radium 

=  Niton 

4-  Helium 

a 

2.44  X  10»  years 

226,..^-- 

-^    222 

4 

0 

Niton 

—  Radium  A 

4-  Helium 

a 

5.55  days 

222^^ 

-^     218 

4 

ORisht 

Radium  A 

=  Radium  B 

4-  Helium 

a 

4.3  minutes 

• 

218  ^-^ 

-'^'^     214 

4 

4Richt 

Radium  B 

=  Radium  C 

4-  Electron 

fi 

38.5  minutes 

214,^..-^ 

-^    214 

Ksoo 

SHiffhi 

Radium  G 

=  Radium  C 

4-  Electron 

P 

28.1  minutes 

214^-^ 

--^     214 

Ksoo 

eiusht 

Radium  C 

—  Radium  D 

4-  Helium 

a 

10~*  seconds 

214^^.^ 

■-^    210 

4 

4Ri8bt 

Radium  D 

»  Radium  E 

4-  Electron 

fi 

24  years 

210^^ 

-^     210 

Ksoo 

5Risbt 

Radium  £ 

=  Radium  F 

4-  Electron 

fi 

7.2  days 

210,,^^ 

--^    210 

Ksoo 

6Ritht 

Radium  F 

=  End  Gead) 

4-  Helium 

a 

196  days 

210,,..^ 

--^    206 

4 

4Risbi 

End  lead 
206 

For  example,  the  table  shows  that  uranium  I,  atomic  weight  238, 
is  a  member  of  the  left-hand  family  of  group  6  in  the  periodic 
system,  and  that  the  theory  says  that  an  atom  of  uranium  I 
spontaneously  decomposes  into  an  atom  of  uranium  Xi,  atomic 
weight  234,  and  an  a  particle  which  is,  by  theory,  an  atom 
of  helium,  atomic  weight  4,  carrying  two  charges  of  positive 
electricity. 
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According  to  this  theory,  the  average  life  of  the  atom 
uranium  ia  8  X  10*  years;  but,  just  aa  many  men  live  far  beyallj 
the  average  life  of  a  man,  so  there  will  be  uranium  leftbiBj' 
given  sample  of  the  element  long  after  it  has  been  in  e 
8  X  10'  years. 

Uranium  Xi  belongs  to  group  4  two  groups  lower  than  uranium  1, 
and  an  inspection  of  the  table  will  show  that  each  tranafomi- 1, 
tion  which  produces  a  rays  gives  a  product  which  stands  two 
groups  lower  in  the  periodic  system  with  an  atomic  weight  four 
units  smaller  than  the  parent  element,  A  transfonnatita 
which  gives  0  rays  yields  a  product  standing  one  group  bigbfl 
than  its  parent,  and  having  practically  the  same  atomic  wei^ 
because  the  mass  of  the  0  rays  is90 small  that  it  may  be  negleeld 

There  are  eight  transformations  yielding  a  rays  betwe*! 
uranium  1  and  the  final  product.  Since  each  of  these  loweretle 
atomic  weight  four  units,  the  atomic  weight  of  the  end  product 
should  be  238.2  -8X4  =  206.2. 

Every  uranium  ore  contains  a  substance  which  is  precisdj  ] 
like  lead  in  all  its  chemical  and  physical  properties  incluiliii|  \ 
the  spectrum  except  that  the  atomic  weight  is  smaller  than  thit  ■ 
of  ordinary  lead,  206.4  in  the  purest  ore,  instead  of  207.2  and  ill 
density  is  also  slightly  less.  Thorium,  atomic  weight  232.4,  un- 
dergoes six  Q-ray  transformations  and  therefore  should  yidd » 
final  product  having  an  atomic  weight  of  232.4  —  24  =  2084- 
The  thorium  ores  also  contain  a  lead-like  substance  exactly 
like  ordinary  lead  except  that  in  this  case  the  atomic  weight  is 
208.4  instead  of  207.2,  These  three  kinds  of  lead  differing  out; 
in  their  atomic  weights  are  called  isotopes,  which  may  be  defined 
as  elements  very  similar  in  their  chemical  and  physical  proper^efl, 
differing  somewhat  in  atomic  weight,  but  all  occupying  the 
same  position  in  the  periodic  system.  Radium  B  and  radium 
D  are  also  isotopes  of  lead.  Uranium  and  uranium  2  are  isotopes, 
and  neon  is  now  generally  considered  to  be  a  mixture  of  isotopes 
of  atomic  weights  20  and  22. 

The  facts  of  radioactivity  and  the  theoretical  interpretation 
of  them  have  led  to  the  hypothesis  that  atoms  are  complei, 
consisting  of  a  positively  charged  nucleus,  which  constitute 
most  of  the  maas  of  the  atom,  surrounded  by  negatively  charged 
electrons,  revolving  in  rings,  sufficient  in  number  to  balance  tbE 
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Ltive  charge  on  the  nucleus.  The  hydrogen  atom  is  supposed 
3e  the  simplest  of  all  and  consists  of  a  nucleus  carrying  one 
itive  charge  with  one  electron  revolving  around  it. 
?he  further  hypothesis  is  now  being  made  that  the  nucleus  of 
atom  of  any  other  element  is  made  up  by  the  combination  of 
Jei  of  hydrogen  atoms  and  electrons,  the  latter  not  being  suf- 
snt  in  number  to  balance  the  positive  charge  on  the  hydrogen 
ilei.  For  example,  a  heliimi  atom  is  imagined  as  made  up 
the  combination  of  four  hydrogen  nuclei  and  two  electrons 
ting  to  form  a  new  nucleus  carrying  two  positive  charges 
imd  which  two  electrons  carrying  two  negative  charges  re- 
ve  making  an  electrically  neutral  atom.    In  the  case  of 

elements  having  a  higher  atomic  weight  than  helium  the 
deus  is  imagined  to  be  made  up  of  as  many  heliiun  nuclei 
there  are  multiples  of  4  in  the  atomic  weight  plus  enough  hy- 
gen  nuclei  to  complete  the  atomic  weight.  That  is,  the 
rogen  nucleus  is  supposed  to  be  made  up  of  three  helium 
;lei,  plus  two  hydrogen  nuclei,  pliis  one  electron  the  whole 
rogen  atom  then  would  have  seven  electrons  revolving  around 

While  all  these  speculations  concerning  the  nature  of  atoms 

very  interesting,  the  student  will  of  course  recognize  that 
y  are  very  far  from  being  established  facts. 
?he  nmnber  of  electrons  revolving  around  the  nucleus  of  an 
m  is  the  same  as  what  is  called  the  atomic  nmnber  of  that 
nent;  i.e.,  the  atomic  number  of  hydrogen  is  1;  of  helium,  2; 
ithium,  3;  of  nitrogen,  7,  and  so  on.  A  periodic  system  can 
prepared  using  the  atomic  numbers  of  the  elements  instead  of 
ir  atomic  weights  as  the  basis  of  the  arrangement.  In  this 
e  it  is  noteworthy  that  no  exceptions  such  as  were  made  with 
on  and  potassium,  or  telluriiun  and  iodine  are  necessary  to 
ig  the  elements  into  their  proper  relations.  Hence  the  atomic 
nbers  are  apparently  more  closely  related  to  the  properties  of 

elements  than  are  the  atomic  weights.  Isotopes  have  the 
le  atomic  niunber. 
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Lbsolute  temperature,  21 

zero,  21 
Lcetone,  249 
Lcetylene,  248 
.cid,  acetic,  228,  245 

alpha  stannic,  413 

antimonic,  438 

antimonous,  430 

arsenic,  433 

arsenious,  431 

boracic,  200 

boric,  200 

bromic,  147 

carbolic,  242,  247 

carbonic,  231 

chloric,  130 

chlorous,  141 

chlorplatinic,  493 

chlorplatinous,  493 

chromic,  448 

cyanic,  237 

definition  of,  105,  110 

formic,  245 

hydrazoic,  199 

hydrobromic,  147 

hydrochloric,  98 
constant  boiling,  103 

hydrocyanic,  230 
action  upon  catalyzers,  237 

hydrofluoric,  155 

hydrofluosilisic,  258 

hydroiodic,  152 

hydronitric,  199 

hypobromous,  147,  148 

hypochlorous,  123,  131 
bleaching  action  of,  132 
properties,  132 

hyponitrous,  211 

hypophosphoric,  221 

hypophosphorous,  221 

h3ri)osulfurouB,  182 


Acid,  iodic,  153 

manganic,  400 

metaphosphoric,  221,  222 

molybdic,  451 

nitric,  204 

nitrous,  210 

nitrosylsulfufic,  170 

orthophosphoric,  221 

perchloric,  139 
constant  boiling,  139 

perchromic,  450 

periodic,  153 

permanganic,  400,  403 

persulfuric,  181 

phosphomolybdic,  452 

phosphoric,  221 

phosphorous,  221,  223 

picric  acid,  247,  304 

pyrophosphoric,  221,  222 

selenic,  189 

selenious,  188 

silicic,  250 

stannic,  alpha,  413 
beta,  413 

sulfuric,  174 
applications  of,  180 
aqueous,  180 
concentration  of,  179 
contact  process,  174 
dissociation  of,  180 
identification  of,  181 
lead  chamber  process,  170 
reactions  for  the  preparation 
of,  174,  175,  170,  177 

sulfurous,  172 
action  on  organisms,  173 
bleaching  action,  173 
reducing  action  of,  172 

telluric,  189 

tellurous,  189 

thioantimonioi  438 
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Acid,  thioantimonioufl,  438 

thio&teenic,  432 

thioareenouB,  432 

Ihiostannic,  415 

thiosulfuric,  182 

tuDgstic,  454 
Acids,  105,  lOS 

action  ot.  U7- 

diboaic,  1S8 

general  methode  for  the  prep- 
aration, 102,  136 

or  carbon,  245 

of  pho«phonifl,  221 

strength  of,  120 
Adsorption,  228 
Affinity,  chemical,  43 
Air,  15,  109 

a  mixture,  203 

and  UTe,  203 

composition  of,  199 

carbon  dioxide  in,  199 

density  of,  200 

humidity  of,  55 

liquid,  200 

experiments,  202 

process  of  liquefying,  200 
Alcohol,  denatured,  244 

ethyl,  243 

methyl,  228,  243 

wood,  228,  243 
AlcohoU,  243 
Aldehydes,  244 
Alkali  metals,  276 
Alkaline  earth  metals,  316 

general  relationships,  316 
Allotropic   modifications  of  sulfur, 

162,  163 
Allotropy,  31 
Alloys,  268 

acid  resisting,  44S 
Alpha  rays,  495,  496,  498,  499 
Alum,  303,  399 
Alumina,  397 
Aluminates,  398 
Aluminothermy,  397 
Aluminum,  392,  393 

acetate,  400 
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Aluminum,  amalgam,  39S 
carbide.  240 

chemical  properties  of,  3tt 
chloride,  398 
hydroxide,  397 

oxide,  397 

physical  properties  of,  39S 

preparation  of  the  mftsl,  3W 

silicate,  399,  400 

subgroup,  392,  393 

sulfate,  398 

sulfide,  397,  400 
Alundum,  397 
Amalgams,  268,  354 
Ammonia,  193 

action  of  chlorine  on,  193 

action  of  hypochlorites  on,  H 

chemical  properties  of,  196 

combination  of,  with  acids,  1! 

combustion  of,  196 

coramercial  source  of,  194 

drying  of,  194 

liquid,  195 
as  solvent,  105 

occurrence  of,  193 

physical  properties  of,  195 

preparation  of,  194 

salts  of,  197 

solubility  of,  195 

teets  for,  198 

use  of,  in  manufacture  of  ii 
195 
Ammonium,  310 

amalgam,  314 

analytical  reactions,  313 

bicarbonate,  312 

carbamate,  313 

carbonate,  312 

chloride,  194,  197,  310,  311 

chlorplatinate,  313,  493 

cobaltinitrite,  313 

ferric  citrate,  482 

hydrotartrate,  313 

hydroxide,  197,  311 

iron  alum,  480 

molybdate,  451 

nitrate,  197,  311 
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^anonium  nitratei  decomposition 
of,  197 

nitrite,  191 

decomposition  of,  191 

oxalate,  313 

oxide,  197 

persulfate,  182 

phosphomolybdate,  452 

salts,  ]  97,  310 

sulfate,  311 

sulfides,  312 

thioarsenate,  432 

thioarsenite,  432 

thiocyanate,  313 
morphous  substance,  50 
mpere,  119 
mygdalin,  237 
naline,  242 
nalysis,  64 
nglesite,  410 
nhydride,  132  / 

boric,  260 

chromic,  448 

hypochlorous,  132 

hyponitrous,  211 

iodic,  153 

manganic,  460 

nitric,  207 

nitrous,  211 

perchloric,  140 

phosphoric,  221 

phosphorous,  221 

sulfuric,  173 
action  on  water,  174  . 

sulfurous,  170 
jihydrite,  324 
joion,  112 
node,  112,  113 
jitichlor,  173,  182 
jitimony,  434 

halogen  compounds,  436 

hydride,  435 

hydroxide,  436 

modifications,  435 

nitrate,  437 

occurrence  of,  434 

pentachloride,  438 

penUndde,  438 


Antimony,  pentasulfide,  438 

preparation,  434 

properties  of,  435 

tetroxide,  439 

tribromide,  437 

trichloride,  436 

trifluoride,  437 

triiodide,  437 

trioxide,  436 

trisulfide,  434,  437 

sulfate,  437 
Antimonyl,  436 
Apatite,  214,  325 
Aqua  f  ortis,  206 

regia,  206 
Aquamarine,  337 
Aragonite,  320 
Argentite,  378 
Argon,  263,  265 

group,  263 
Arsenic,  427 

diiodide,  434 

disulfide,  434 

family,  427 

comparison,  442 

halogen  compounds,  431 

modifications  of,  428 

occurrence  of,  427 

pentasulfide,  434 

pentoxide,  433 

preparation  of,  428 

properties  of,  428 

subgroup,  426 

tribromide,  431 

trichloride,  431 

trifluoride,  431 

trioxide,  430 

trisulfide,  431 

trivalent  compounds,  429 
Arsenites,  431 
Arsine,  429 
Asbestos,  338 
Assaying,  391 
Atomic  number,  501 

theory,  72 

weights,  standards  of,  76 
table  of,  79 
Avogadro's  hypoUMr 
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Aiurite,  3Q2,  371 

Biemtttb,  preparation  of,  439 

propertiea  of,  440 

B 

Balt«,  440 

eubnilrate,  Ml 

Babbitt  metal,  418 

sulfate,  438                ^M 

Baking  powder,  308,  399 

sulfide,  441                 V| 

Baking  soda,  286 

letroiide,  441              ^^ 

Barium,  316,  331 

tribromide,  441 

analytical  properties  of,  334 

trichloride,  441 

carbonaUl,  333 

triiodide,  441 

chlorate,  136,  334 

trioxide,  440 

chloride,  333 

Blast  furnace,  copper,  362 

chrontate,  334 

iron,  467 

dioxide,  332 

lead,  416 

hydroxide,  332 

nitrate,  334 

with  chlorine,  96,  133 

occurrence,  332 

with  hydrogen  perowde,  88 

oxide,  332 

with  sulfur  dioxide,  173 

platioocyanide,  493 

Blende,  34S,  350 

properties  of,  331 

Blue  print  paper,  482 

sulfate.  333 

Blue  vitriol,  370 

sulfide,  333 
BaiTtes,  332 


Beryl,  337 

Beryllium,  337 

compounds,  337,  338 
preparation,  337 
properties  of,  337 

Bessemer  converter,  471 
process,  471 

Beta  rays,  496,  496,  498 

Bischofite,  341 

Bismuth,  439 

dibromide,  441 
dichloride,  441 
hydroxide,  440 
monosulfide,  441 
monoxide,  441 
nitnte,440 
oceurrenoe  of ,  439 
oxycbloride,  441 
pentoxide,  441 


Body,  properties  of,  1 
Bog  ore,  466 
Boiling  point,  54 
Bone  black,  228 
Borax,  261,  291 
Bordeaux  mixture,  370 
Bomite,  362 
Boron,  260 

halogen  compounds  of,  26 

nitride,  262 

trioxide,  260 
Brass,  348,  366 
Braunite,  467 
Brick,  402 

Britannia  metal,  418 
British  thermal  unit,  51 
Bromine,  142 

chemical  properties,  145 

hydrate,  14S 

occurrence,  142 

oxT^en  compounds,  147 

physical  properties,  144 

preparation,  143 
Bronie,  366 

Brownian  movement,  433 
B.t.u.,  51 
Bunsen  burner,  253 
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urette,  108 


admium,  316,  337,  351 

analytical  properties,  352 

compounds,  352 

occurrence,  351 

preparation  of,  351 

properties  of,  351 

sulfide,  352 

yellow,  352 
alamine,  345 
alaverite,  386 
alcite,  320 
alcium,  316 

acid  sulfite,  246 

analytical  properties  of,  330 

arsenide,  429 

bicarbonate,  320 

borate,  261 

bromide,  323 

carbide,  248,  327 

cabonate,  320 
decomposition  of,  321 

chlorate,  134 

chloride,  322 

cyanamide,  193,  327 

ferrite,  479 

fluoride,  323 

hydride,  317 

hydroxide,  319 

hypochlorite,  323 

iodide,  323 

manganite,  459 

nitrate,  323 

occurrence,  316 

oxalate,  327 

oxide,  317 

phosphate,  325 

phosphide,  217 

preparation  of,  317 

properties  of,  317 

silicate,  328 

sulfate,  324 

sulfide,  325 
alomel,  855 
^dofie,  61 


Carbohydrates,  243,  246 
Carbon,  225 

allotropic  forms  of,  225,  229 
amorphous,  227 
circulation  of,  232 
compounds,  typcB  of,  242 
dioxide,  14,  230 
in  air,  199 
occurrence  of,  230 
Uquid,  230 
preparation  of,  231 
properties  of,  230 
solid,  230 
solution  of,  231 
test  for,  231,  232 
disulfide,  235 
monoxide,  234 
properties  of,  235 
formation  of,  234,  250 
nitrogen  compounds  of,  236 
occurrence  of,  225 
oxygen  compounds  of,  230 
soot,  228 
tetrachloride,  241 
Carborundum,  259 
Camalite,  297,  341 
Cassiterite,  409 
Catalysis,  44 
Catalytic  action,  46 
Catalyzer,  46 
Cathode,  111,  113 
Cation,  112,  113 
Caustic  potash,  14,  297 
Celestite,  331 
CeU,  dry,  311,  459 
DanieU,  374 
Leclanche,  459 
sal  ammoniac,  311,  459 
storage,  lead,  424 
Edison,  489 
Cellulose,  246 
Cement  plaster,  324 

Portland,  403 
Cementite,  476 
Cements,  403 
Centigrade,  21 
Cerite,408 
Cifiaiiit40a 
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f        CcrusBite,  416 

Chrome  ateel,  444                ^| 

1          Ceaiiim,  27S,  300 

yellov,  423,  448            ■ 

f          ChakociU,  362 

Chromic  compounds,  44S     ^M 

Chalcopyrito,  302 

chloride,  447 

Chalk,  320 

hydroxide,  446 

Changes,  2 

oxide,  446 

obcmioal,  2 

sulfate,  447 

physicnl,  2 

Cliromium,  443,  444 

Chareoaa,  22fi,  228 

aoalytical  reactions,  450 

Chemical  heat  effects,  90 

occurrence,  444 

Chemutry,  definition  of,  1 

passivity,  445 

organic,  225 

Chile  saltpeter,  204,  288 

preparation  of,  444 

China  clay,  401 

properties,  444 

ChIorat«B,  134,  13S 

subgroup,  443 

properties  of,  135 

Chromous  acetate,  445 

Chloride  oC  lime,  128,  323 

compounds,  445 

Chlorides,  naming  of,  97 

Chromyl  chloride,  449 

Chlorine,  92 

Cimiabar,  353,  35S 

acids,  122 

Clay,  400 

and  hydrogen  compounds, 

99          Coal,  229 

as  ion,  113,  114 
bleaching  action  of,  98,  133 
combustion  in,  96 
combination  with  hydrogen  i 

sunlight,  99 
dioxide,  122,  140 
electrolytic  preparation,  Sfi 
hydrate,  97 
liquid,  96 
monofide,  122, 132,  133 


oxyacids,  122 

oxygen  compounds,  122 

oxides,  122 

preparation,  92,  95  , ' 

properties,  chemical(-fl6 
physical,  95 

reaction  with  methane,  100,  241 

water,  06 
decomposition  in  sunlight,  98 
Chloritee,  140 
Chloroform,  241 
Chloiplatjnatea,  403 
Choke-damp,  240 
Chromates,  44S 
Chrome  alum,  447 

ironstone,  444 


Cobalt,  465,  484 

alums,  486 

chloride,  485 

complex  cyanides  of,  486 

glass,  486 

nitrate,  486 

occurrence,  484 

properties  of,  485 

suUate,  485 

sulfide,  486 

trioxide,  488 
Cobaltic  alums,  486 

ammonia  compoonds,  487 
.  compounds,  486 
tkibaltinitrites,  487 
Cobaltite,  4S4 
Coefficient  of  expansion,  20 
Coke,  229 

CoUoidal  Bolu^ons,  257,  433 
Columbium,  427 
Combination,  10 
Combining  weights,  71 
Combustion,  13 

rAle  of  the  air  in,  15 
Complex  salts,  definition  of,  34S 
Compounds,  28 
ConeentntioD,  44 
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r'^nditions,  standard,  18 
^^nductivity,  molecular,  119 
^tjnductors  of  first  class,  110 

of  second  class,  110 
^^nseryation  of  elements,  28 

of  energy,  10 

of  mass,  11 
^}onverter,  Bessemer,  471 

copper,  303 
CJopper,  361 

action  of  nitric  acid  on,  205 

alloys  of,  366 

analytical  properties  of,  373 

arsenite,  431 

chemical  properties  of,  365 

converter,  363 

electrolytic  refining  of,  364 

family,    general    relations    of, 
361 

ferrocyanide,  371 

history  of,  361 

matte,  362 

metallurgy  of,  362 

nitrate,  370 

occurrence  of,  361 

physical  properties  of,  365 

sulfate,  370 
Copperas,  478 
Corrosiye  sublimate,  356 
Corundum,  307 
Coulomb,  112,  375 
Cream  of  Tartar,  436 
Critical  pressure,  25 

temperature,  25 
Crucible  steel,  474 
CiyoHte,  394 
Crystallization,  137 
Crystals,  49 
Cupel,  391 
Cuprio  acetate,  371 

ammonia  ion,  369 

carbonate,  371 

chloride,  369 

compounds,  368 

ferrocyanide  371 

hydroxide,  369 

km,  368 

mtmte^870 


Cupric  oxide,  369 

sulfate,  370 

sulfide,  371 
Cuprite,  362 
Cuprous  bromide,  367 

chloride,  367 

compounds,  366 

cyanide,  368 

iodide,  367 

oxide,  366 

sulfide,  368 
Cyanates,  237 
Cyanogen,  236 


DanieU  cell,  374 
Davy,  92,  277,  296 
Deacon's  process,  93 
Decomposition,  16 
Deliquescent,  63 
Density,  11 

of  gases,  18 
Diamond,  226 

Diamonds,  artificial  preparation,  226 
Dibasic  acids,  168 

dissociation,  168 
Dichromates,  448 
Diffusion,  36 
Disinfectant  action  of  chlorine,  96 

of  hydrogen  peroxide,  85 
Dissociation,  degree  of,  118,  120 
DistiUation,  47,  85 
Distribution,  law  of,  150 
Dolomite,  338,  341 
Double  salt,  definition  of,  342 
Dyes,  242 
Dynamite,  247 
I^e,  9 


E 


Earth's  crust,  composition  of,  274 

Earthen-ware,  402 

Efflorescent,  64 

Electric  furnace,  215,  227,  236,  259, 

327 
Meotrodei  HI 
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Ferric  oxalate,  282                   1 

Electrolytes,  110 

oxide,  479                          1 

phosphate.  481                   ] 

Eleetfomotive  force,  376 

sulfate,  480 

•       Electron,  4B6,  600 

sulfide.  480 

ElectTopUUng,  cobalt,  4S5 

thiocyauBte,  480 

gold,  390 

Ferrieyanides,  481 

nickel.  488 

Ferrites,  479 

silver,  383 

Ferrocyanides,  481 

Elements,  28 

definition  of.  28 

Ferrous  bromide,  478 

metallic,  267 

carbonate,  478 

Uble  ot,  79 

chloride,  478 

Emerald,  337 

compounds,  477 

Emery,  397 

ferrieyattide,  483 

Energy,  10 

ferrite,  47B 

conservation  of,  ID 

hydroxide,  477 

tree,  374 

iodide,  478 

Bniyines,  243 

oxalate,  482 

Epaom  kMk,  342 

oxide,  477 

EpBoraite,  342 

sulfate,  477 

Equatior 
Equilibrium,  44 

constant,  126 

mobile,  S7 
Equivalent  weight,  160 
Erg,  10 

Kstera,  243,  246 
Ethane,  241 
Ethers,  246 
Ethyl  acetate,  246, 

alcohol,  243 

chloride,  242 
Ethylene,  247 

Expansion,  coefficient  of.  20 
Explosives,  89,  247 


Faet,  rdation  to  theory,  7fi 

Febling's  solution,  369 

Feldspar,  401 

Ferrates,  483 

Ferric  alums,  480 
chloride,  480 
comptounds,  478 
reduction  of,  479  \ 
ferroojranide,  481    ^ 
hydronide,  479 


sulfide,  478 

Fertilisers,  210,  213,  222,  326, 3S 

Fire  assaying,  391 

Fire-damp,  240 

Flames,  2S1 

Flint,  256 

flotation,  34S 

Fluorescence,  455 

Fluorine,  142,  182 
occurrence,  154 
preparation  of,  154 
properties  of,  154 

Fluorspar,  154 

Fool's  gold,  481 

Force,  9 

Formaldehyde,  244 

Formaline,  245 

Formulas,  78 

Franklinite,  345 

Free  energy,  374 

Freeiing-point,  60 

abnormal  lowering  of,  109 
lowering  of  solvent,  60 

Fusion,  heat  of,  50 
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Ilium,  392,  405 
cnma  rays,  495 
rmet,  394 
^,  Blau,  251 

coal,  249 

drying  of,  35 

mantles,  409 

natural,  240 

producer,  250 

water,  250 
Efe^eous  state,  7 
Aaes,  density,  18 

fuel,  249 

molar  weight  of,  68 
aaoline,  239 
*y  Lussac  tower,  177 
enthite,  487 
Bttnan  silver,  488 
^rtnanium,  407,  409 

subgroup,  407,  409 
^«8,  328 

etching,  156 
Over's  tower,  177 
^dnum,  337 
Vicose,  246,  247 
:^ld,  361,  386 

analytical  properties  of,  391 

and  silver,  parting  of,  387 

chemical  properties,  389 

complex  cyanides,  390 

general  relationships,  361 

halogen  compounds  of,  389 

hydroxides,  389 

metallurgy  of,  387 
amalgamation,  387 
chlorination,  387 
cyanide,  387 
smelting,  387 

occurrence  of,  386 

oxides,  389 

physical  properties  of,  388 

sulfides,  390 
oldschmidt  process,  396 
ram,  & 

ion,  113 

mole,  69 
volume  of  gas,  69 
ranite,  257 


Graphite,  226 
Green  vitriol,  478 
Greenockite,  352 
Gim  cotton,  247 

powder,  247,  300 
Gypsum,  324 


Halogen  subgroup,  456 
Halogens,  142 
Hard  water,  321 
Hausmanite,  457 
Heat  measurement,  51 

of  formation,  90 

of  fusion,  50 

of  neutralization,  116 

of  vaporization,  56 

units  of,  51 
High  speed  steel,  453 
HeUum,  200,  263,  264,  495,  497,  499 
Hematite,  466 
Homologous  series,  237 
Humidity,  relative,  55 
Hydrargillite,  397 
Hydrates,  62 
Hydraulic  mortar,  403 
Hydrazine,  198 
Hydrocarbons,  237,  242 

cracking,  240 

parafi&n  series,  237 

unsaturated,  247 
Hydrogen,  32 

absorption  by  metals,  30 

and  the  gas  laws,  38 

as  ion,  114 

bromide,  145 
properties  of,  146 

chloride,  92,  98 
hydrates,  103 
Uquid,  102 

preparation,  98,  99,  100 
properties,  102 
solubility,  102 

combustion  in  chlorine,  98 

fluoride,  155 
physical  properties,  155 

iodide,  151 
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^B       Hydrogen  iodide,  ehomical  proper-      Iodine,  chemieBl  properties,  150 

^L                     ties,  152 

oxidefl  of,  153 

^^                 phyBical  properties,  153 

oxygen  compounds  of,  152 

liquid,  3» 

pentoxide,  153 

occurrence,  32 

physical  properties,  149 

peroxide,  84 

preparation,  148 

compoaitton,  88 

Ion,  actual,  119 

explosive  properties,  89 

potential,  119 

best  of  formation,  90 

Ionium,  499 

molecular  weight,  86 

oxidUing  action,  86 

Ions,  112,  113,  115 

preparntion,  84,  88 

Iridium,  465,  491,  492 

properties,  84 

Iron,  4G6 

reducing  action,  88 

alums,  480 

pbosphido,  liquid,  217,  219 

analytical  properties,  484 

BoUd,  217,  219 

blast  furnace,  467 

preparation,  32—35 

reactions  in,  469 

properties,  chemical,  40 

Besaemer  proceae,  471 

physical,  30 

cost,  467,  470 

puriScation,  35 

ohemical  properties,  476 

selenide,  188 

corrosion  of,  483 

solid,  39 

sulfide,  166 
analytical  reactions  of,  109 
chemical  properties,  167 
physical  properties,  167 
preparation,  166 
reducing  agent,  169 
solution  in  water,  108 
telluride,  189 
Hydrolyeia,  157 
Hypo,  182 
Hypochlorites,  bleaching  action,  129 

decomposition  of,  129 
Hyponitrites,  211 


dialysed,  479 

family,  405 

galvanised,  348 

general  relationships  of,  466 

metallurgy  of,  467 


I 


Ice,  < 


heat  of  fusion,  60 
manufacture  of,  195 
properties  of,  49 

Iceland  spar,  320 

nmenite,  408 

Indium,  392,  405 

Invar,  48B 

Iodine,  148 


ore,  mining,  467 

spathic,  406 
ores,  466 
passivity,  477 
physical  properties  of,  476 
pig,  468 

puddling  process  for,  476 
salts    of.     (See     Ferrovt    * 

Feme.) 
subgroup,  46S 
wrought,  470,  476 
Isotopes,  500 


Jasper,  250 
Joule,  10,  51 


Kainite,  297 
Kaolin,  401 
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Jerosene,  239 
idney  ore,  466 
ieserite,  342 
ilojoule,  10 
jypton,  200,  263,  265 


ikes,  400 
impblack,  228 
mthanum,  392,  393 
).pis  laztdi,  496 
iw,  Boyle's,  19 

Charles',  20 

combining  volumes  of  gases, 
weights,  71,  72 

conservation  of  elements,  28 

constant  proportions,  27 

Dalton's,  37 

definite  proportions,  27 

diffusion  of  gases,  38 

distribution,  150 

Dulong  and  Petit's,  77 

Faraday's,  112 

fundamental,  4 

Gay  Lussac's  and  Dalton's, 
22 

gravitation,  3 

Henry's,  102 

Mass  action,  123-125 

mobile  equilibrium,  57 

multiple  proportions,  84 

natural,  3 

partial  pressure,  37 

solubility  of  gases,  102 

successive  reactions,  131 
aws,  gas,  18 

combined  gas,  23 
«ad,  225,  415 

acetate,  420  '^ 
basic,  421 

alloys,  418 

analytical  properties  of,  425 

arsenate,  434 

carbonate,  421 

chemical  relationships,  415 

chloride,  420 

chromate,  423 


y 


Lead  dioxide,  419,  420 

hydroxide,  419 

metallurgy  of,  416 

nitrate,  420 

occurrence,  416 

oxides  of,  419 

physical  and  chemical  proper- 
ties of,  418 

poisonous  action  of,  418 

purification  of,  417 

sulfate,  423 

sulfide,  424 
LeBlanc  process,  282 
Length,  9 
67     Lepidolite,  314 
Lignin,  246 
lime,  317 

kiki,  318 

milk  of,  319 

slaked,  319 

water,  232,  319 
Limestone,  320 
Limonite,  466 
Linen,  246 
Liquid  state,  7 
20,      Litharge,  419    »- 
Lithium,  275, 314 

analytical  properties,  315 

carbonate,  315 

chloride,  315 
Lithophone,  350 

Lithosphere,  composition  of,  274 
London  purple,  431 

M 

Magnalium,  395 
Magnesia,  339 
Magnesite,  338,  341 
Magnesium,  337,  338 

alloys,  339 

ammonium  phosphate,  343 

analytical  reactions,  343 

carbonate,  341 

chloride,  341 

ferrite,  479 

hydroxide,  339 
solution    of,    in    ammonium 
8alt8,.339 


S14 

Mignemom  nitriiic.  343 

ocoumnce  of,  33S 

oxide,  33B 

phoaphfttM,  343 

prepanttion  of,  33  S 

propertiea  of,  33S 

eubgroup,  337 

genenl  relatioiu  of,  837 

oulfide,  343 

flulfate,  342 
Magnetito,  466 
Manganatea,  460 
MangancM,  466 

alloyB,467 

aliwa,460 

iiliiftlliiiil  iiiiiiiiiiliiii.  464 

blende,  4fi7 

bronie,  457 

dioxide,  459 

general  relatiraa  of,  456 

heptaralmt,  460 

heptoxide,  4S4 

hexavalent,  460 

occurrence  of,  456 

preparation  of,  467 

propertiea  of,  457 

spar,  457 

tetrachloride,  459 

tetrahydroxide,  459 

tetravalent  compounds  of,  459 

trioidde,  460 

trivalent,  468 

valences  of,  456 
Manganic  aalta,  458 
Mangantte,  457 
Manganites,  459 

Manganous  ammonium  phosphate, 
468 

borate,  458 

carbonate,  458 

compounds,  457 

hydroxide,  457 

sulfate,  458 

sulfide,  458 
Malachite,  362,  371 
Marble,  320 
Marl,  401 
MaTsb  gas,  237,  240 


conservation  of,  11 

action,  law  of,  125,  126 
Matches,  224 
Meerschai 
Mendeljetf,  270 
Msrouiio  UTTimonin,  359 

bnunide,  867 

ohloiide,  366 

oompounda,  3fiB 

cyanide,  368 

iodide,  367 

nitrate,  358 

oxide,  12,  356 

■ulfate,  368 

aulfide,368 
Mercuroua  bromide,  356 

ohloride,  355 

eompoundi,  SS5 

Iodide,  866 

nitrate,  355 

oxide,  355 

sulfate,  356 

sulfide,  356 
Mercury,  316,  337,  363 

analytical  propertieB  of,  360 

chemical  propertiea  of,  354 

complex  compounds  of,  358 

fulminate,  359 

physical  properties  of,  353 

preparation  of,  363 
Metals,  action  of  nitric  add  on,  30J 

chemical  propertiea  of,  268 

classification  of,  268 

conductivity  of,  for  heat,  267 

electrical  conductivity  of,  267 

physical  properties  of,  267 

the  earth,  392 
Methane,  237,  240 

preparation  of,  240 
Methyl  chloride,  241 

ether,  242 
Methylene,  247 

chloride,  241 
Mica,  394 
Minium,  419 
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LXTOIBy  385 

Lxturee,  constant  boiling,  103 

mechanical,  8 
olar  weighty  68 
olecular  conductivity,  110 

theory,  74 

weight,  75 

determination,  86 
of  gases,  68 
Molybdenite,  461 
Lolybdenimi,  443,  451 

oxides  of,  451 

properties  of,  451 
lonel  metal,  488 
lonozite,  392 
lordants,  400 
lortar,  320 

N 

Naphtha,  239 
Natural  cements,  403 
feodymium,  426,  427  - 
^eon,  200,  263,  264 
Messier  reagent,  357 
Teutralization,  106,  116 

heat  of,  116 

reacting  ratio,  107 
fickel,  465,  487 

ammonia  ions,  489 

ammoniimi  sulfate,  488 

carbonyl,  490 

chloride,  489 

compounds,  488 

cyanide,  489 

dimethyl  glyoxim'e,  490 

glance,  487 

hydroxides,  489 

occurrence  of,  487 

oxides,  489 

plating,  488 

properties  of,  488 

steel,  488 

sulfate,  489 

sulfide,  489 
[icollite,  487 
fiton,  263,  265,  497,  499 
[itrates,  206 


Nitrogen  and  life,  212 
Nitric  oxide,  192 

preparation  of,  207 

properties  of,  207 
Nitrides,  192 
Nitrites,  210 
Nitro-benzene,  207 
Nitro-compounds,  207 
Nitrogen,  191 

chemical  properties,  192 

hydrogen  compounds  of,  192 

occurrence  of,  191 

oxides,  203 

oxyacids  of,  203 

pentoxide,  207 

peroxide,  192,  208 
preparation  of,  209 

physical  properties  of,  191 

preparation  of,  191 

trioxide,  211 
Nitroglycerine,  207,  247 
Nitrous  anhydride,  preparation  of, 
211 

oxide,  211 
Nomenclature  of  acids  and  salts,  122 
Normal  solution,  107,  108 
Nucleus,  500 
Number,  atomic,  501 


O 


Ocean,  composition  of,  274 

Ocher,  401 

OUvine,  338 

Onnes,  264 

Opal,  256 

Open  hearth  furnace,  473 

process,  473 
Orpiment,  427,  431 
Osmium,  465,  491 
Osmotic  pressure,  371 
Oxidation,  185 

definition  of,  186 

slow,  27 

types  of  changes  considered,  185 
Oxides,  29 

naming  of,  98 
Oxone,280 
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Oxy-hyiln>gon  bluwpipc,  42 
Oxygen,  12 

donaity  of,  18,  23 

discuvrry  r>f,  12 

fonnation    from    nhlurinn    uid 
Bodiuiii  hydroxide,  130 

liquid,  24 

occurrence,  29 

preparation  of,  10 

proportiee,  fhcmicul,  18,  2h 
phyHicol,  18,  24 

solid,  25 

subgroup,  443 
Ocone,  29 

chemical  propcrtivH,  30 

physiiial  properties,  29 

preparation  of,  2fl 

uses,  30 


Faintnr'e  colic,  418 

Palladium,  465,  491,  492 
Paraffin,  239 

series,  237 
Paris  green,  431 
Parke's  process,  379 
Partial  pressure,  37 
Pearlash,  301 
Perchlorates,  139 
Perchloric  anhydride,  140 
Periodates,  153 
Periodic  HyBttm,  209 

table  of,  271 
Pennanent  hardness,  321 
Permanganates,  460 
"Permutite,"  345 
Petalite,  314 
Petroleum,  cnicie,  238 
Pewter,  418 

Phosphate  fertilizer,  222,  326 
Phosphates,  222 
Phosphine,  217 

properties  of,  218 
PbOHphonium  bromide,  219 

chloride,  219 

iodide,  218 


Phosphorite,  326 
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Phosphorus,  2tJ 

acids,  221 

allotropic  modiScatioius,  3].i 

applications  of,  224 

halogen  compouada  of,  219 

hydrogen  compouods  of,  21" 

luminosity  of,  216 

occurrence  of,  214 

ordinary,  215  i 

oxj'gen  compounds  of,  220 

pentachloridc,  220  J 

pentoxidc,  220  1 

preparation  of,  215 

red,  217  I 

sulfides,  223 

trichloride,  219 

trioxide,  220 
Photochemical  uctiun,  97,  99,  233    i 
Photography,  384 
Physical  state.  7 
Pink  Bait,  414 
Pitchblende,  454 
Plaster  of  Paris,  324 
Platinates,  493 
Platinic  compouoda,  493 

hydroxide,  493 

sulfide,  494 
Platino  cyanides,  493 
PlatinoUB  compounds,  493 

hydroxide,  493 

sulfide,  494 
Platinum,  465,  490,  491,  <92 

catalytic  agent,  46,  173, 17S,4«2 

black,  492 

metals,  490 
table  for  comparison  of,  491 

sponge,  493 

subgroup,  465 

wart<,careof,4g2 
Plumbites,  419 
Polyaulfidea,  170 
Porcelain,  401 
Portland  cement,  403 
Potash,  301 

caustic,  297 
Potassium,  275,  294 

adsorption  of,  by  soils,  294 

alum,  303,  399 
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)tassium,  aluminate,  398 
amalgam,  296 
analytical  properties  of,  303 
antimony  tartrate,  436 
bicarbonate,  301 
btomate,  298 
bromide,  298 
carbonate,  301 
chemical  properties  of,  296 
chlorate,  17,  93,  134,  137,  298 
chloride,  17,  297 
chlorplatinate,  304,  493 
chlorplatinite,  493 
chromate,  448 
chrome  alum,  447 
cobalticyanide,  486 
cobaltinitrite,  303 
compounds  and  plants,  295 
cyanate,  302 
cyanide,  301 
fertilizers,  296 
ferricyanide,  482 
ferrocyanide,  302,  481 
ferrous  ferrocyanide,  481 
fluoride,  155 
fluosilicate,  304 
history  of,  296 
hydride,  297 
hydrogentartrate,  304 

changes  in  the  solubility,  304 

theory  of,  305 
hydroxide,  297 
iodide,  298 
manganate,  460 
metantimonate,  439 
nickel  cyanide,  490 
nitrate,  299 
nitrite,  210 
occurrence  of,  294 
oxides,  297 

perchlorate,  139,  299,  304 
permanganate,  93,  461 

as  oxidizing  agent,  461 
persulfate,  182 
physical  properties  of,  296 
pic  rate,  304 
platinatc,  493 
plumbate,  420 


Potassium,  preparation  of,  296 

pyroantimonate,  439 

sulfate,  302 

thioarsenate,  432 

thioarsenite,  432 
Potential  series,  376 
Potter's  earth,  401 
Pottery,  401 
Pressure  of  atmosphere,  18,  25 

critical,  25 

effect  of,  on  melting-point,  56 

osmotic,  371 
Priestly,  12 
Propane,  238,  242 
Properties,  definition  of,  1 

chemical,  5 

physical,  5 
Proustite,  378 
Prussian  blue,  481 
Pseudomorphs,  164 
Puddling  furnace,  475 
Pyrargyrite,  378 
Pyrite,  466,  481 
Pyrolusite,  457 


Q 


Quantitative  relations,  27 
Quartz,  266 
Quicksilver,  353 


R 


Radical,  methyl,  241 

ethyl,  241 

propyl,  242 
Radioactive  changes,  table  of,  499 
Radioactivity,  495 
Radium,  316,  335,  495 

heat  given  out  by,  497 

emanation,  263,  265,  497,  499 

properties  of,  335 

transformation  into  helium,  497 
Ramsay,  265,  266 
Rare  earths,  392 
Rayleigh,  265 
Rays,  Alpha,  495,  496 

Beta,  495,  496 
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Rays,  GamiDB,  49S,  406, 

4gs 

Sclemum,  187 

Reactions,  14 

chemical  properties,  188 

reversible,  43 

dioxide,  ISS 

Reagent,  14 

phyeic&l  properties,  187 

Realgar,  434 

Bemiporcelain.  402 

Recrystallization,  137 

Serpentine,  338 

Red  lead,  419 

precipitate,  356 

Kderite,  466 

482 

Siemens-Martin  proeeas,  473 

Reduction,  185 

Sienna,  401 

definiUon  of,  186 

SiUcs,  236 

typee    of    changes 

186 

Silico-chloroform,  258 

Reversible  reactions,  43 

Silicon,  225,  255 

Rhodium,  465,  491,  492 

carbide,  259 

Rouge,  479 

diojtide,  256 

fluoride,  258 

Ruby,  397 

halogen  compounds,  258 

Ruthenium,  465,  491 

hydride,  257 

subgroup,  465 

preparation,  255 

Rutile.  408 

properties,  255 

Sal 
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Salt,  116,  278 

cake,  283 

-complex,  342 

double,  342 
Saltpeter,  204,  290 
Salts,  108,  112 

acid,  168 

mono  and  di,  168 

neutral,  168 

primary,  168 

properties,  108 

secondary,  168 

separation  of,  137 

solubility  of,  theory  of  change 
of,  305 
Sapphire,  397 
Saturated  solution,  61 
Scandium,  392 
Scheele,  12 
Scbeele's  green,  431 
Schlippe's  salt,  438 
Schoenit«,  302,  342 
Scorifier,  SOI 


Silk,  artificial,  360 
Silver,  361,  378 

analytical  properties  < 

arsenate,  384 

arsenite,  384 

carbonate,  3S4 

chemical  properties,  3 

chlorate,  136 

chloiplatinate,  403 

chromate,  384 

cyanide,  383 

general  relations  of,  3 

halides,  382 
compounds    with    i 
382 

metallurgy,  378 

nitrate,  383 

oxides,  381 

properties,  chemical,  3 
physical,  380 

sulfate,  383 

sulfide,  384 

thiocyanate,  384 
Slaked  lime,  310 
Smalt,  486 
Smaltite,  484 
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Smithsonite,  345 
Soda  ash,  283 
Sodium,  275,  276 
acetate,  292 
aluminate,  398 
amalgam,  280 
amide,  197 

ammoniimi  phosphate,  223 
analytical  properties  of,  293 
arsenate,  434 
arsenite,  431 
bicarbonate,  277 
bromide,  279 
carbonate,  127,  232,  281 

occurrence,  282 

black  ash,  283 

preparation    of,    Le    Blanc 
process,  282 
Solvay  process,  284 

properties  of,  284 

uses  of,  286 
chlorate,  130 
chloride,  278 
chlorite,  140 
chromate,  448 
cobaltinitrite,  303 
cyanide,  292 
disulfite,  289 
ferrocyanide,  481 
history,  277 
hydride,  278 
hydroxide,  280 
hypochlorite,  127 
hyponi trite,  211 
hyposulfite,  182 
iodide,  279 
manganate,  460 
metabisulfite,  289 
metaphosphate,  223 
monoxide,  279 
nitrate,  277,  286 
nitrite,  287 
occurrence,  276 
oxides,  279 
perchlorates,  130 
peroxides,  280 
phosphates,  222,  290 
plumbite,  419 


Sodium,  preparation,  277 

properties,  277 

silicate,  291 

stannite,  412,  413 

sulfate,  287 
solubility  relations  of,  287 

sulfide,  289 

sulfite,  289 

tetraborate,  291 

thioantimonate,  438 

thioarsenate,  432 

thioarsenite,  432 

thiostannate,  413 

thiosulfate,  290 

tungstate,  453 
Solder,  418 
Solid  state,  7 
SolubiUty,  7,  61 

of  salts,  theory  of  change,  305 
Solute,  58 
Solution,  7,  57 

normal  ionic,  376 

saturated,  61 
Solutions,  61 

colloidal,  257,  433 

normal,  107,  108 
Solvay  process,  284 
Solvent,  58 
Soot,  228 

Spathic  iron  ore,  466 
Specific  gravity,  11 

heat,  51 
Sphalerite,  345 
Spiegeleisen,  457 
Spmel,  398 
Stannates,  413 
Stannic  chloride,  414 

hydroxide,  413 

oxide,  413 

sulfide,  414 
Stannites,  410 
Stannous  chloride,  412 

compounds,  412 

hydroxide,  412 

oxalate,  412 

oxide,  412 

nitrate,  412 

sulfate,  413 
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Water,  hard,  321 

heat  of  vnporizatioD, 
laolar  weight  of,  69 
propertied,  chemical, 

physicat,  48 
purification  of,  4S 
softening,  344 
super-cooled,  SO 
vapor,  52 
pretisure,  53 

Weight,  9 

change  in,  10 
conservation  of,  11 

Weights.  (Equivalent,  100 

Wclabach  mantles,  400 

White  lead,  421 

Willimitc,  345 

Withorite,  332 

Wolfram,  452 

Wood,  petrified,  256 
pulp,  246 

Woric,  10 
lead,  417 

Wrought  iron,  470,  475 

WuUenite,  451 


Xenon,  200,  263,  265 


Yellow  pnuHiate  of  potash,  481 
Yttrium,  392,  393 


Zeolite,  345 
~  c,  337,345 

alloys,  348 

analytical  properties,  351 

blende,  345 

carbonate,  350 

chloride,  349 

ferrite,  479 

hydroxide,  348 

mctallui^,  345 

occurrence,  345 

oxide,  34S 
in  paint,  34S 

properties,  347 

silicates,  345 

spar,  345 

sulfate,  350 

sulfide,  350 

vitriol,  350 
Zircon,  408 
Zirconium,  408 
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